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ABSTRACT 
 
The Carboniferous Lower Atoka outcrops in the Arkoma Basin of Central 
Arkansas contain turbidite deposits in a channelized and unchannelized submarine fan 
setting.  The objectives of the study were to determine depositional characteristics and 
reservoir performance of these fine-grained submarine fan deposits.  Four outcrops 
(Highway 5, Perryville, Chula, and Danville) were studied and described in detail 
emphasizing sedimentary facies, vertical succession of beds, sedimentary structures, and 
other small-scaled features that cannot be resolved in subsurface deposits.   
Five distinct sedimentary facies were recognized: Facies A - massive sandstones, 
Facies B - thin-bedded sandstones with a mudstone drape, Facies C - interbedded thin 
sandstones and mudstones, Facies D - chaotic deposits, and Facies E - mudstone.  Facies 
and sedimentary characteristics of the outcrops provide clues as to which deepwater sub-
environment the facies were deposited.  On the basis of field criteria, the outcrops were 
characterized as channelized, channel or channel margin deposits, or unchannelized, 
sheet sand deposits.  Channel deposits are massive fine-grained sandstones (facies A), 
with occasional scouring at the base and rip-up clasts throughout. Channel margin 
deposits consist predominately of interbedded thin sandstones and mudstones (facies C) 
with many of the sandstone beds containing small-scaled ripples and laminations.  Sheet 
sand deposits are from lower-energy flows with the presence of more sedimentary 
structures, less scouring and a higher net-to-gross than the channelized deposits.  
Highway 5 and Perryville outcrops were deposited in a middle fan environment as 
channel and channel margin deposits.  Danville and Chula outcrops were deposited in a 
lower fan setting as sheet sands. 
 xi 
There are several potential source terranes for these deposits determined from 
point counting and detailed analysis of tourmaline crystals, which suggest that the main 
source consisted of sedimentary and metasedimetary rocks from the Appalachians with 
possible sediment transport from the craton interior: the Illinois Basin. 
 
 
 1
CHAPTER 1  INTRODUCTION 
 
1.1  Introduction 
 
This study focuses on the Lower Atoka (Carboniferous) deepwater sandstones in 
the Arkoma Basin of Central Arkansas.  Several outcrops allowed for a detailed study on 
the facies and stacking patterns of these fine-grained, mud-rich turbidite systems.  
Sandstones deposited in these systems are important reservoir rocks in deep-water basins 
around the world.  To understand the processes that transported and deposited the sands 
and mudstones (shales) found in these systems, the resulting architecture of the deposits 
and the relationship with the surrounding finer-grained deposits is critical.  Outcrops of 
turbidites help constrain the characterization of subsurface turbidite reservoirs and can 
provide the necessary quantitative lateral and vertical attributes of turbidite strata and 
information on how they may affect reservoir fluid flow (Slatt, 2000).  Outcrops also 
allow for a detailed study on sedimentary facies, vertical succession of beds, sedimentary 
structures, and other smaller scaled features which cannot be easily studied in modern 
deepwater systems. 
The main objective: 
· Determine depositional characteristics and reservoir performance of fine-grained 
submarine fan Atokan outcrop deposits, with an emphasis on sedimentary facies, 
vertical succession of beds, sedimentary structures, an other small-scaled features 
that cannot be resolved using conventional resolution seismic or wire line logs. 
The main approaches of this study were: 
· Make a distinction between the various architectural elements associated with  
deepwater depositional subenvironments: channel, overbank, interchannel, and 
sheet sand deposits.   
 2
· Determine the relationships of these elements to the bounding fine-grained 
deposits to help aid in reservoir characterization. 
· Compare interpretation to other fine-grained deepwater models discussed in the 
literature. 
· Select major outcrops and conduct measurements on layer thickness, possible 
cyclicity, sandstone/shale ratios, net-to-gross values, lithological components, and 
layering characteristics. 
· Collect samples from well-exposed outcrops in order to characterize important 
lithofacies characteristics, such as grain size, sedimentary structures, mineralogy. 
· Determine the involved depositional processes. 
· Measure paleocurrents to determine sediment dispersal directions. 
· Conduct a provenance study to determine if these various occurrences are part of 
the same system and deposited by the same source. 
1.2  Location of Study 
The study area is located in the Arkoma Basin, Central Arkansas (Figure 1.1). The 
Arkoma Basin is one of a series of foreland basins that developed during the final phases 
of  Ouachita orogenis.  Four primary outcrops provide the main focus of this study: from  
east to west they are Highway 5, Perryville, Danville, and Chula.  Each of these outcrops 
allowed for a detailed analysis of the Lower Atoka Formation. 
1.3  Regional Geologic Setting 
 
The Arkoma Basin is an arcuate synclinorium that extends from east-central 
Arkansas to southeastern Oklahoma (Figure 1.2B; McGilvery and Houseknecht, 2000).   
It was formed during late Paleozoic tectonism in conjunction with the Appalachian- 
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Figure 1.1 The Lower Atoka Formation study area is outlined in yellow.  Outcrop 
localities can be found in Figure 3.2. 
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Ouachita orogen, commonly interpreted to be the result of the closing of the Iapetus 
Ocean and collision of North America with the African and South American continents.  
It is an elongate structural trough that extends as a surface feature from the Gulf coastal 
plain in central Arkansas westward for 250 miles to the Arbuckle Mountains in south 
central Oklahoma.  The structural basin ranges from 20 to 50 miles in width.  The 
Arkoma Basin is bounded to the north and northwest by the Ozark Uplift and the Central 
Oklahoma Platform and to the south by the frontal Ouachita province of the Ouachita 
Fold Belt.  It terminates to the west and southwest at the northeastern margin of the 
Arbuckle Mountains (Figure 1.2A; Zachary and Sutherland, 1984).   
Ninety percent of the Ouachita orogenic belt cannot be inspected at the surface 
and must be mapped from subsurface borehole and geophysical data (Arbenz, 1989).  
The only outcrop areas of the Ouachita system are the Ouachita Mountains of Oklahoma 
and Arkansas, the Marathon uplift of west Texas, and the Solitario (a small outcrop of the 
Paleozoic rocks west of the Marathon region) (Figure 1.3; Arbenz, 1989).  Figure 1.4 
presents a set of schematic diagrams of the tectonic development of the southern margin 
of North American and the Ouachita orogenic belt (Houseknecht 1986). 
Arbenz (1989) mentioned that the tectonic history of the Paleozoic Ouachita 
orogenic belt underwent  a complete Wilson cycle.  The early history records the rifting 
along which is now the southern margin of the North American craton and the opening of 
an ocean basin in which marginal and basinal pre-orogenic sediments were deposited.  
The later history records the closing of that ocean basin by south-directed subduction and 
the accompanying deposition and deformation of synorogenic clastic sediments. 
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Figure 1.2 B) Locations of the known syndepositional normal faults, main thrust 
faults in the Ouachita frontal zone, and anticlines within the basin that 
have Atoka Formation exposures A) The Arkoma Basin of Arkansas and 
Oklahoma and surrounding geologic provinces (modified from Sutherland, 
1984; McGilvery and Housknecht, 2000). 
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A 
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Figure 1.3 Regional map of the Ouachita thrust front.  Dots: northern margin of  
  Cretaceous-Tertiary cover; vertical ruled pattern: outcrop regions of  
  Ouachita system; vertical dashes: subcrop region of Ouachita system 
   (from Arbenz, 1989). 
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Figure 1.4 Schematic cross section showing the tectonic development of the southern 
  margin of North America and the Ouachita orogenic belt.  A) late  
  Precambrian – earliest Paleozoic, B) late Cambrian – earliest 
  Mississippian, C) early Mississippian – earliest Atokan, D) early-middle 
  Atokan, E) late Atokan – Desmoinesian (from Houseknecht, 1986). 
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1.4  Stratigraphy 
 
The primary factors controlling deposition within a deepwater basin are tectonics, 
eustasy, climate, and sediment type.  Each of these elements more than likely contributed 
to the general stratigraphy in the Arkoma Basin.  The stratigraphy (Figure 1.5) reflects 
the opening and closing of a Paleozoic ocean basin.  The Paleozoic strata that crop out in 
Arkansas today are early to middle Pennsylvanian (Morrowan, Atokan, and 
Desmoinesian) in age. 
1.4.1  Morrowan 
Pre-Atokan, Morrowan strata, are comprised mainly of shelf carbonates, with 
some sandstones and shales that accumulated on a passive continental margin following 
the opening of the ocean basin (McGilvery and Houseknecht, 2000).  These strata display 
a gradual thickening to the south.  Sediment accumulation rates were low (average ~ 7 
m/my), sand was derived from the North America craton and sediment dispersal was 
mostly basinward to the south (McGilvery and Houseknecht, 2000). 
During this period, 2,180 m of Morrowan quartzose sandstones and shales were 
deposited as submarine fan facies in the Arkoma Basin.  These clastics were derived from 
the northeast via fluvial channels that cut across the Illinois Basin from the east and 
southeast from the rising Appalachians.  In the basin, the sediment transport was 
dominantly to the west (Morris, 1974).  On the Ozark shelf, shallow marine carbonates 
were deposited in eastern Oklahoma and quartzose fluvial-deltaic clastic facies were 
deposited to the east in northern Arkansas.  Oklahoma Morrowan units graded laterally 
eastward into the Hale and Bloyd Formations in northwest Arkansas.  Morrowan facies 
thicken toward east-central Arkansas and to the south, where correlation of upper 
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Figure 1.5  Stratigraphy of the Frontal Ouachitas during the Carboniferous (modified 
  from Arbenz, 1989) 
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and lower Morrowan units with the Hale and Bloyd subdivisions becomes difficult.  
Basinward to the south, these units are known as the Jackfork Formation and the Johns 
Valley Shale (Figure 1.5).   
The Jackfork is comprised of an alternating quartzose sandstone and shale 
sequence about 2,250 m thick, which has been informally subdivided into five units in the 
central Ouachitas (Wildhorse Mountain, Prairie Refuge, Markham Mill, Wesley, and 
Garne Refuge; Briggs and Roeder, 1978).   
The Johns Valley Shale is a shale sequence with some sandstones and is up to 450 
m thick.  It contains exotic clasts from many older Paleozoic units representing three 
major facies.  Overlying the Johns Valley Shale is the Atoka Formation, which was 
deposited during the Atokan Series of the Pennsylvanian. 
1.4.2  Atokan 
During the Atokan interval, the foreland basin narrowed and the basin axis 
migrated markedly northward due to the advancing thrust sheets from the south.  The 
basin shallowed through time resulting from sedimentary infilling (Link and Roberts, 
1986). This interval represents a period of very rapid sedimentation in the foreland basin.  
Sediment accumulation rates were ~ 1100 m/my and sediment entering the basin from 
both the north and east was transported longitudinally westward within the basin 
(McGilvery and Houseknecht, 2000).  The high rate of sediment accumulation is 
interpreted to be the result of  the closing and narrowing of the basin that confined the 
sediment transport, and the increase in the volumes of clastics contributed from the rising 
source areas to the east in the Appalachian region (Link and Roberts, 1986).   In addition 
to tectonic activity, the resulting high sediment supply also played a crucial role in the  
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high rate of sediment accumulation of the Lower Atoka Formation. 
In most places, the Atoka is subdivided into lower, middle, and upper units 
(Stone, 1968).  These units were defined on the basis of the nature of their expansion 
across the deep, normal faults rooted in the crystalline basement (Figure 1.6).  In early to  
middle Atokan slope and deep-water facies accumulated to the south and west and  
fluvial-deltaic and shallow-marine facies were deposited on the shelf to the north.  By 
late Atokan time only shallow-marine and fluvial-deltaic facies were deposited in the 
basin.   
The entire Atoka Formation is about ~ 8,200 m thick and consists of shale, sandstone, 
siltstone, carbonates and some coal.  On the shelf in the northern Arkoma Basin, Atokan 
fluvial-deltaic and shallow-marine facies include wave-, river-, and tidally-influenced 
deltas, distributary channels, river-mouth bar deposits, transgressive shelfal units, deltaic 
coastal-plain deposits, coal, and meandering stream sequences (Stone, 1968; O’Donnell, 
1983).  The coal and transgressive marine units are relatively thin and locally widespread.  
The tidal influence on the deltas apparently became more pronounced as the basin 
constricted in late Atokan time, as tidal bedforms are more abundant in these deposits.  
To the south (basinward), the lower Atoka and part of the middle Atoka are composed of 
sandstone-rich, deepwater deposits.  The deepwater facies were confined largely to an 
elongate east-west trending trough that formed the southern part of the Arkoma Basin.  
Paleocurrents were mainly to the west in the basin (Morris, 1974).  Deposition occurred 
during active closing of the basin by thrusts advancing from the south (Link and Roberts, 
1986).   
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Figure 1.6 North-south section across the Arkoma Basin of Arkansas depicting  
  pattern of major growth faulting that controlled sedimentation during 
  accumulation of middle part of Atoka Formation in southern part of  
  basin (from Zachary and Sutherland, 1984). 
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1.4.3  The Lower, Middle, and Upper Atoka 
 The lower sections of the Atoka Formation are cut by basement faults, but fail to 
show any stratigraphic expansion across the faults.  The Spiro sandstone is the 
main stratigraphic element in the lower Atokan (Lumsden et al., 1971).  It is a quartz-rich 
sandstone (95%), fine to medium grained, with subequant to equant, well-rounded grains 
(Houseknecht, 1986).  Lunsden et al. (1971) interpreted the Spiro sandstone to be a 
blanket of sand formed in the shore zone during a major marine transgression.  The most 
southern wells drilled in the Arkoma Basin that penetrate the Spiro encounter shallow-
water shelf facies.  Therefore, the shelf break must have been located south of these wells 
in what is now overlain by the allochthonous frontal belt (Houseknecht, 1986). 
 The middle Atoka Strata is defined by the fact that it undergoes expansion across 
the basement faults (Buchanan and Johnson, 1968).  Flexural downbending migrated 
northward through time by the stepwise reactivation of these basement faults to the north 
(Houseknecht, 1986).  The downbending drowned the shelf and inaugurated deep water 
conditions in the basin.  In the Oklahoma portion of the basin, the middle Atoka is 
predominantly shale with a few thick sandstone units (Sutherland, 1988).  Houseknecht 
(1986) interprets these sandstones as the deposits of slope canyons and channels.  His 
interpretation is based upon the relative isolation of the sands in shale facies, the 
amalgamated nature of the sands, abundance of dewatering structures, a general lack of 
sedimentary textures, N-S progradation of the slope sands, and the east-west flow 
directions noted in the more axial fan facies to the south (Figure 1.7).  Many authors 
consider the Lower Atoka to be deepwater deposits in Central Arkansas.  This study 
refers to the Lower Atoka as deepwater deposits, however some authors would interpret 
these outcrops to be Middle Atokan in age. 
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The upper Atokan section does not show expansion across the basement faults, 
and has been interpreted by many workers to be deltaic in origin.  By this time, the axis 
of the Arkoma Basin had migrated north of its former position.  The position of the axis 
coincides with the axis of the overlying Desmoinesian Hartshorne sandstone. 
1.5  Sedimentation and Tectonics 
Peripheral foreland basins develop in response to the load of the thickened crust 
that results from continental collision (Beaumont, 1981).  These basins are the most-
studied type of sedimentary basins, because they lie adjacent to the Earth’s major 
mountain chains and contain the only real geological data with which the evolution of 
theses orogenic belts and their time-temperature-pressure paths can be reconstructed 
(Leeder, 1999).  The sedimentary infill of foreland basins records the interaction between 
the growth of the thrust wedge, the isostatic adjustments of the cratonic lithosphere to 
thrust loading and additional bending moments, eustasy, and the surface processes that 
redistribute material from the mountain belt into the surrounding basins (Sinclair, 1997).  
The major evolutionary theme in the development of a peripheral foreland basin is 
its gradual shallowing, following initial subsidence (Miall, 1995).  The oldest sediments 
are typically deepwater clastics which are followed by shallow-water nonmarine 
sediments (Figure 1.8).  This model has four stage of development: a) initial formation of 
the basin, b) deep-water phase, c) shallow-water phase, and d) uplift and erosion.   
First, with the initial formation of the basin there is loading by the overriding 
margin onto the continental slope of a rifted continental margin that causes flexural  
depression of the foreland and uplift of a low-relief peripheral bulge that creates an 
unconformity.  Collision tends to take place below sea level, so little sediment is 
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Figure 1.7 A reconstructed depositional system in which Atoka facies were 
deposited.  Arrows indicate direction of sediment transport. 
  Dashed lines represent sea-floor traces of syndepositional normal  
  faults (from McGilvery et al., 2000). 
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Figure 1.8 Idealized model for the development of a peripheral foreland basin and   
its sedimentary succession (from Miall, 1995). 
 
 
 
 
 
 
 
 
 
 
 17
available to be shed into the basin. The continental slope is steepended by flexural 
loading and may become unstable, with extensional faulting and the formation of slumps 
and slide masses.  As thrusting continues there is continued shortening and the relief 
begins to rise above sea level, increasing volumes of sediment which then can be shed 
into the basin, forming a deep-marine clastic wedge, the “flysch” phase.  The basin 
eventually fills with sediment and conditions change to shallow-marine and nonmarine, 
the “molasses” phase.  Once thrusting finally ceases erosion disperses the lithospheric 
load and the basin undergoes isostatic uplift and erosion. 
The simplified model discussed above relates to the formation and deposition of 
the Arkoma Basin.  The Atoka strata in the Arkoma Basin records the transition from 
sedimentation on a passive, rifted margin to sedimentation in a foreland basin developed 
by convergent tectonic activity along the Ouachita orogenic belt (Houseknecht, 1986).  
There is a distinctive phase of deep-water deposition that began to fill the basin 
and as the basin filled there was a change to a shallow marine – nonmarine phase of 
deposition.  Finally, thrusting ceased and there was final uplift of the Ouachita’s and 
erosion began to occur.   
1.6  Methods  
 
The study area map in Figure 1.1 indicates the location of the four outcrops 
studied.  Each of these sections were measured in detail (Appendix A) and samples (52) 
were taken from numerous places throughout each outcrop for mineralogical and grain  
size studies, to be compared to other locations.  The samples were collected mostly 
from sandstones that varied in thickness and geometry.  Gamma ray 
measurements were made every two feet stratigraphically on each section (Appendix B).  
These measurements were used in an attempt to correlate each outcrop.  Photo mosaics 
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were also taken.  Facies associations and stacking patterns, along with amalgamated 
surfaces and other erosional contacts, sandstone/siltstone-shale percentage, percentage of 
preserved silty facies between sandy facies, and sedimentary structures, aided in 
determining subenvironments and vertical and horizontal connectivity.   
Thin sections from selected sands from each outcrop were made to determine 
grain size, roundness, sorting, laminations, provenance, and compositional variations 
between each of the sections.  An average of one-hundred grains were measured to 
determine grain size and two-hundred grains were counted for point-counting analysis 
using the Gazzi-Dickinson method (1979) in each thin section.  Tourmaline analysis on 
the microbprobe was also conducted to determine the precise chemical composition of 
each crystals and the results were plotted on an Al-Fe(tot)-Mg ternary diagram (Henry, 
1985) to help determine provenance.  Paleocurrent measurements were also taken to 
determine sediment transport direction. 
 
1.7  Significance of Study 
 
 Industry to date has used subsurface imaging technology to interpret deepwater 
systems.  Subsurface imaging has provided valuable information on turbidite systems 
around the world.  However, these approaches/techniques do not recognize the internal 
architecture of each sand, as well as, the finer-grained deposits surrounding these sands.  
Slatt (2000) mentions that turbidite outcrops help to constrain the characterization of 
subsurface turbidite reservoirs.  Outcrop studies can provide the necessary quantitative  
lateral and vertical attributes of turbidite strata and information on the nature of bed  
boundaries and how they might affect reservoir fluid flow.  By using Atokan outcrops as 
an ancient analog to modern day fine-grained turbidite systems, one can fine-tune the 
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 architectural elements of a system and possibly increase the reservoir potential of a field.  
Outcrops are excellent tools, however, they only represent a small part of a much larger 
system. 
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CHAPTER 2  DEEP WATER DEPOSITIONAL MODELS AND PROCESSES 
 
2.1  Introduction 
 
 One of the objectives of this study was to compare the Lower Atoka outcrops in 
the Arkoma Basin to turbidite systems depositional models of modern and ancient 
deepwater environments that have been published in the literature.  The literature in this 
field is voluminous, nevertheless there are several important factors that affect each 
system whether it be an ancient system or a modern system.  These factors include: sea 
level fluctuations, sediment type and supply, climate, tectonics, and basin morphology.  
These factors interact with different intensities which results in the fact that no two 
systems are completely the same.  This is why one needs to take necessary precautions 
when applying any deepwater depositional model to a specific turbidite system.  Table 
2.1 lists generalized differences in controls and characteristics between a coarse-grained, 
sand-rich and a fine-grained, mud-rich turbidite system.  A turbidite (a turbidity current 
deposit) is transported by a flow in which the sediment is supported by the upward-
moving component of fluid turbulence (Bouma, in press).  Typically turbidites exhibit a 
fining-upward sequence.  In the case of the Lower Atoka Formation deposits there is not 
a significant grain size variation to form observable graded beds without microscopic 
analyses. 
 The terms system and complex used previously are defined by Mutti and Normark 
(1987).  A turbidite system is defined as being commonly bound above and below by 
thick mudstones or by submarine erosional unconformities.  It is a body of genetically 
related mass-flow sediments deposited in stratigraphic continuity (Figure 2.1).  The term  
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Table 2.1 Generalized differences between the controls and characteristics of 
 coarse-grained and fine-grained turbidite systems (from Bouma, 
 2000). 
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Figure 2.1 Types of events characterizing turbidite systems and their physical scale 
subdivisions and terminology showing associated time scale for 
depositional units (after Mutti and Normark, 1987). 
 
turbidite complex is defined as several turbidite systems that are more or less stacked one 
upon the other in a basin.   
2.2  Controls on Submarine Fan Growth 
There are many factors controlling the evolution of a submarine fan system.  At 
the time of Lower Atoka deposition, each of these factors more than likely played a  
crucial role in fan development.  Of these changes, relative sea level and tectonics 
probably played a more critical role than the other factors affecting depositional supply 
and rate.  Mutti and Normark (1987) describe four main types of basins that are 
influenced by the long term stability of the basin and the volume of sediment supplied to 
the depositional area.  The Arkoma Basin is a type C basin, foreland basin, which formed 
on continental crust with a large and long-lived sediment supply, which is controlled 
structurally.   
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According to Mutti and Normark (1987), foreland basins form in a highly tectonic 
setting over several million years.  Sea level is the main factor in the basin’s early stage 
of development when thrust propagation is occurring, controlling turbidite accumulation 
within the basin.  Tectonics also plays a key role in a type C basin.  As orogenic activity 
continues the basin becomes narrower and uplift occurs in the frontal or lateral regions 
adjacent to the basin.  This tectonic activity and increase in sediment supply near the 
basin can lead to sediment instabilities which may result in deposition into a deep water 
basin. 
During the lower Carboniferous (Mississippian) global sea level was high.  
Following this Pennsylvanian high stand sea level fell and Ouachita sedimentation 
changed from carbonate shelf  to thick basinal sandstone sand shale deposition.  Sea-level 
started to rise around 324 m.y. ago and continued throughout Atokan time (Figure  2.2; 
Coleman, 2000).  During the Atokan period foreland basin loading stresses increased 
forming major down-to-the-south normal faults.  This compression compartmentalized 
the basinal Atoka deepwater deposits, lifting the basin to storm wave base and above, 
resulting in the deposition of upper Atokan thin coals and sandstones in a deltaic 
environment.  By the time sea level reached low stand conditions the Ouachita Basin 
sedimentary rocks were exposed and being eroded (Coleman, 2000). 
2.3  Deepwater Architectural Elements 
2.3.1 Submarine Canyon  
 A submarine canyon transports sediment from the shelf to the basin floor.  It is 
formed by mass wasting of sediment that accumulates on the shelf.  Typically it is the last  
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Figure 2.2 Plate tectonics and paleographic position of the Ouachita Basin during the  
  Carboniferous (from Coleman, 2000). 
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feature to be filled with fine-grained sediment and likely some slump deposits and blocks 
of shelf sands (Bouma, 2000). 
2.3.2 Channel and Channel Fill 
  A channel is produced by turbidity currents and acts as a pathway for sediment 
transport into a deepwater basin.  There are two main types of channels associated with 
modern submarine fans: large, leveed valleys that are primary sediment feeder systems, 
and smaller, commonly unleveed channels that appear to function as distributaries (Mutti 
and Normark, 1987).  Channels can range in size from two meters in width to as much as 
tens of  kilometers in width.  The scale of ancient channels is difficult to determine due to 
the lack of sufficient large exposures or correlation patterns between discontinuous 
exposures (Mutti and Normark, 1987).  Also, channels will vary in deepwater basins 
around the world, because each basin has its own unique morphology.  
Channels can form on the base-of-slope and/or on the basin floor.  At the base-of-
slope the gradient decreases allowing sediment to be deposited in this zone, forming a 
channel complex.  The sandstones tend to be slightly muddy compared to those on the 
basin floor because the density currents have not yet become well organized.  Once the 
sediments reach the basin floor they can be deposited in a better developed channel-levee 
complex (Bouma, 2000).  Sandstones at the base-of-slope tend to be comprised of a stack 
of wide-thin channel fills with some remnants of sand-rich levees and overbank deposits.   
On the basin floor in a channel levee system the sandstones are usually massive and 
amalgamated. 
 26
2.3.3 Levee/Overbank Deposits 
Levee-overbank deposition occurs when the upper part of a turbidity current spills 
over a channel and flow conditions change from a turbulent flow to a traction current 
(Bouma, 2000).   The change in current is often noticeable in the difference in 
sedimentary structures between overbank deposits and channel deposits.  These deposits 
are generally slightly finer-grained, thin bedded, and contain current laminations, often as 
climbing ripples.  Channels deposits tend to be thicker bedded, amalgamated, massive, 
and slightly coarser-grained. 
2.3.4 Sheet Sands  
 Sheet sand deposits are the most distal deposits in a turbidite system that are 
deposited by gravity flows.  These deposits tend to be plane parallel and exhibit a 
thinning towards the sides and distal edges of the deposit.  They are separated by thin 
silty shales that are often discontinuous (Bouma, 2000).  The scale of a sheet sand deposit 
is quite variable and is a function of basin shape, and volume type and rate of sediment 
supply (Normark, 1978). 
2.4  Popular Models 
2.4.1 Bouma Sequence 
 
One purpose of this study was to determine if the studied turbidite deposits had 
specific sedimentary characteristics described from the Gres de Peira-Cava of the French 
Alpes Maritimes.  Bouma (1962) came up with a complete sequence of five depositional 
structure divisions that are characteristic of a turbidite deposit (Figure 2.3).  From the 
base of the sequence to the top it starts with a graded (or massive) interval which grades 
into a lower interval of parallel laminations, the third interval is characterized by current 
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lamination, the fourth by thin parallel laminations, and the sequence is capped off with a 
mudstone interval deposited by the tail of the current.  On top of this a thin hemi-pelagic 
deposit may by present. 
 
 
 
 
 
 
 
 
 
Figure 2.3 Diagram of the Bouma Sequence and depositional processes that  deposit 
  Ta – Te sequence (from Shanmugam, 1997). 
 
 
2.4.2 Normark Model 
 Normark’s (1970) study was a comparative interpretation of the morphology, 
structure and internal fill of deep-sea fan valleys  and their relation to the overall growth 
patterns of deep-sea fans.  In the study he mapped the La Jolla and San Lucas deep-sea 
fans with the help of a deep-towed echo sounding and side-scan sonar device to 
determine the fan morphology.  His model, using the available data from the two fans, 
suggests that a deep-sea fan is divided into a upper, middle, and lower fan (Figure 2.4).   
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Fan growth includes the upper fan, a singled leveed fan valley that transports 
sediment onto the middle fan.  Gradually, the levees decrease in height and disappear 
downdip.  The middle fan (originally called a suprafan) is a distributary system of 
numerous smaller  channels that starts at the termination of the leveed valley.  Deposition 
at the end of the channel systems changes from confined to unconfined flow and results 
in  unchannelized sheet-like flow deposits, the lower fan.   
2.4.3 Mutti and Ricci Lucchi Model 
Mutti and Ricci Lucchi (1972) proposed the first model for an ancient submarine 
fan, using the Italian Northern Appennines (Figure 2.5).  They recognized three distinct 
depositional zones within a submarine fan: inner fan, middle fan, and outer fan.  They 
also described five common turbidite facies: Facies A – Arenaceous-conglomerate facies, 
Facies B – Arenaceous facies, Facies C – Arenaceous-pelitic facies, Facies D – Pelitic-
arenaceous I, and Facies E – Pelitic – arenaceous II.  They defined facies as a group of 
strata with well-defined lithology, stratification, sedimentary structures, and texture.  As a 
rule, the characteristics of a facies reflect only the mechanism of deposition (Mutti and 
Ricci Lucchi, 1972). 
Facies A – It is characterized by beds and strata of medium- to very coarse-grained 
sandstone with locally sparse pebbles and true conglomerates. The thickness of a bed 
ranges from 1 - >10 m.  The sand/shale ratio is very high.  The internal structures of these 
beds are generally limited to grading.  The basal structures include large channels and 
smaller scour-and-fill features, tool marks, undulations and flame structures.   
Facies B – It is finer-grained than facies A (medium-coarse to fine sand), and has better 
sorting, thinner strata, and the presence of thick and parallel laminae.  Sole markings are 
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Figure 2.4 The Normark model of a coarse-grained, sand-rich submarine fan system 
(from Normark, 1970). 
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scarce, but erosional channels, deformational structures and pelitic inclusions are 
abundant as in Facies A. 
Facies C – It is coeval with an ideal complete Bouma Sequence.  The lower part of the 
bed is generally composed of medium- to fine-grained sand and the 
upper part of fine- to very fine-grained sand and coarse-grained silt.  The beds are 
normally 50-150 cm in thickness.  Sole markings are abundant in this facies. 
Facies D – These beds are plan-parallel and persist laterally for hundreds or thousands of 
meters.  They are composed of fine-grained sand and coarse-grained silt.  The sand/shale 
ratio ranges from 1:2 to 1:9 and the thickness is from 3 to 40 cm.  Deposits tend to exhibit 
Bouma Sequence Tc-e type facies.  
Facies E – This deposit is part of a distal turbidite setting, however, it has characteristics 
that are different from Facies D.  It has smaller sandstone thickness and the sand:shale 
ratio is usually greater than 1:1. It also has a coarser grain size, lower sorting index and 
irregular upper and basal stratification surfaces. 
Facies F – Chaotic facies which originates within the sedimentary basin by 
remobilization of sediment.  A few terms used to describe this facies are slumps, slides, 
sand flows, and olistoliths.   
Facies G – Generally these deposits are found below or above turbidite sediments.  They 
are generally grayish olive or bluish terrigenous pelitic material, and are composed of silt, 
fine sand, mica and carbonates.  Facies G is thought to be transported by dilute turbidity 
currents transporting only fine material, which eventually settle from the water column 
and diffuse the sediment particles. 
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Figure 2.5 Diagram showing three distinct intervals of a submarine fan system and  
  schematic cross sections and related facies within the three intervals (from 
  Mutti and Ricci Lucchi, 1972) 
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2.4.4 Walker Model 
 The Walker model (1978) is based on conglomerate-rich deepwater deposits.  It 
modifies the morphological subdivisions (upper, lower, and middle fan) of Normark 
(1970) and interprets various facies associated with each subdivision.  He distinguishes 
five main facies of deep-water clastics rocks, based on work previously done by Mutti 
and Ricci Lucchi, 1972.  These facies are: 1) classic turbidites, 2) massive sandstone, 3) 
pebbly sandstone, 4) clast-supported conglomerates, and 5) matrix-supported beds (debris 
flows, pebbly mudstones, and slumps).   
2.4.5 Readings and Richards Models, 1994 
 Readings and Richards classify deep-water depositional systems based on grain 
size and feeder systems.  They present twelve different models based on four grain-size 
ranges (mud-rich, mud/sand-rich, sand-rich, and gravel-rich) that can occur from either a 
point-source, a multiple source system, or a line source.  Two of the point-source models 
will be discussed briefly, mud-rich submarine fans and mud/sand-rich submarine fans. 
 Mud-rich systems (Figure 2.6A) are commonly large and have an enormous 
amount of sediment that travels long distances by low-density turbidity currents.  The 
upper fan is a canyon which contains smaller channels and is usually filled by slumps.  
The middle fan is a meandering channel-levee system and the base of the fan has lobes  
dominated by mud with thin-bedded sandstones, siltstones, and mudstones.  Typically, 
toward the base of the fan the sand/shale ratio increases. 
 Mud/sand-rich systems (Figure 2.6B) have between 30 – 70% sand in the fan 
system.  They are fed from deltas, long-shore transport, or an active sediment-rich shelf 
cut by a canyon.  The upper fan consists of a single channel transporting sediment from 
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the shelf to the basin.  In the transition zone between the upper and the middle fan the 
channel begins to bifurcate into multiple channels.  In the lower middle fan, and the 
lower fan the channels advance over prograding lobes.  Increased channel switching can 
occur in this system leading to a good potential for lobe connectivity.  
2.4.6 Bouma Fine-Grained Model 
 This model describes a fine-grained turbidite system (Figure 2.7) that is separated 
into three units: upper (inner) fan, middle (mid-) fan, and lower (outer) fan (Bouma, 
2000).  This model identifies three major end members with transitions zones in between.  
The transition from the upper fan to middle fan is the base-of-slope, which is 
characterized by a channel complex.  The middle fan is comprised of one or more leveed 
channels and overbank deposits.  The third zone, the lower fan, is composed of sheet sand 
deposits. 
The upper fan transports sediment from the shelf into the basin.  Its fill is 
comprised mostly of mud and localized slumps.  It is the last part of the system to be 
filled, during the early-middle transgressive systems tract,  typically with fine-grained 
sediments.  The base-of-slope represents a decrease in gradient from the upper fan to the 
middle fan, therefore it commonly serves as the initial zone of deposition.  This area is 
comprised of a stack of wide, thin channel fills with minor remnants of levee-overbank 
deposits.  There is a high net-to-gross ratio in this part of the system.  Once the type of 
deposition begins to change from the restricted base-of-slope to the unrestricted basin 
floor middle fan, major deposition begins to occur.  
 
 
 34
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.6 Depositional models for point-sourced: A) mud-rich submarine 
fan system, and B) mud/sand-rich submarine fan system (after 
Readings and Richards, 1994). 
 
 
 
A 
B 
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Figure 2.7 Fine-grained turbidite system model with three major end member 
components: 1) channel complex at the base-of-slope, 2) leveed 
channel with overbank areas on the middle fan, and 3) lower fan 
sheet sand deposits.  Generalized cross sections and vertical 
sections are presented, which represents three possible stacking 
patterns and compensational bedding of lower fan sheet sands  
(from Bouma, 2000). 
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The middle fan is comprised of channel, levee and overbank deposits.  Channel 
levee deposits consist of alternating sandstones and shales.  If a turbulent current spills 
over the levee, extensive overbank deposition can occur.  At the same time the base of the 
deposits typically are comprised of massive amalgamated sandstones and the gravity flow 
changes from a turbulent to a traction current.  The change in the type of current 
commonly produces sedimentary structures, primarily foreset laminations, parallel 
laminations, and often climbing ripples in the levee overbank deposits.  Typically, most 
of the sediment by-passes the middle fan area and is deposited in the lower fan.   
During the transition from the middle fan to the lower fan sediment is transported 
from a channelized into a non-channelized environment resulting in sheet sand 
deposition.  Individual sheet sand layers tend to be plane parallel with thinning towards 
the distal edges of each deposit.  A restricted number of individual sheet sands can stack 
on top of one another before lateral switching takes place.  Amalgamated contacts in 
sheet sands are common, which indicates that each sand can be deposited by separate 
gravity flows of by slightly eroding currents.  Completely and incomplete turbidites are 
typical for the lower fan. 
2.5  Conclusions  
 Development of each of the models discussed above have played an important 
role in the understanding of deep-water depositional environments. Nevertheless, one has 
to keep in mind that each of these models was proposed for a specific location or as a 
generalized model.  These models are excellent guides but basins around the world have 
different factors influencing deposition.   Therefore, no one single model can be used to 
classify all deepwater deposits, whether they are ancient or modern.   
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In this study, the Lower Atoka deposits in outcrop were characterized using the 
Bouma (2000) fine-grained/mud-rich depositional model.  Each of the outcrops were 
studied in great detail and then placed in one of the three end-member components of the 
model: 1) channel complex at the base-of-slope, 2) leveed channel with overbank areas in 
the middle fan, or 3) sheet sand deposits in the lower fan.  Outcrop discussions and 
interpretations follow in Chapter 4. 
There are several modern deepwater systems (Mississippi, Amazon, and West 
Africa) that can be used as analogs for the Lower Atoka outcrops.  Each of these systems 
has a large drainage basin, large sediment volume, and consist of fine-grained sediments.  
The current tools used to study these modern day systems can not resolve the internal and 
overall geometry of the reservoir quality sandstones, however, modern deepwater 
systems are extremely helpful because they can be studied in their entirety, whereas, 
outcrops are limited to where they are exposed at the surface. 
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CHAPTER 3  FACIES AND OUTCROP DESCRIPTIONS 
 
3.1  Introduction 
During the Carboniferous, the Arkoma Basin was an active foreland basin that 
received sediment in a deepwater environment.  Many of the modern outcrop exposures 
in this basin show the characteristic elements of a deepwater depositional setting as 
expressed in the Lower Atoka deposits as well as other formations.  While, outcrops do 
not provide a complete data set to determine the history of a basin, they fill the gap 
between the larger scale seismic data and smaller scale well log data and cores. 
 The Lower Atoka outcrop exposures show various changes throughout the 
Arkoma Basin in Central Arkansas.  Several of these changes include stacking patterns, 
lithology, grain size, sand/shale ratios, contacts, sedimentary structures, and geometries.  
The variations in these characteristics determine in which part of the overall deepwater 
depositional system each outcrop was deposited. 
3.2  Sedimentary Facies 
There are five main sedimentary facies which were developed by the author 
within the Lower Atoka outcrops throughout the study area (Table 3.1).  The facies are: 
Facies A Massive sandstones 
Facies B Thin-bedded sandstones usually with a mudstone drape  
Facies C Interbedded thin sandstones and mudstones 
Facies D Mudstones/shale 
Facies E Chaotic unit 
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3.2.1  Facies A – Massive Sandstone  
 These sandstone beds are fine-grained, very well sorted, and are present 
throughout the study area.  The consistent fine-grained nature of each massive sandstone 
explains the general lack of graded bedding in facies A.  These sands are composed 
mainly of quartz, mica, and very minimal feldspar grains.  
Individual sandstone beds in facies A are typically thicker than 30 cm, while the 
overall package of sandstone beds can range from 1 – 10 m (Figure 3.1).  Most of the 
sandstones are amalgamated (sand on sand contact) with the exception of a few that are 
overlain with a thin shale drape.  Sedimentary structures are virtually absent within these 
massive beds with the exception of the sandstone beds in the Danville outcrop.  Most of 
facies A in Danville are massive at the base and grade into parallel laminations. 
 The upper contacts are essentially sharp with occasional irregular and wavy 
contacts.  The basal contacts range from sharp, irregular, or wavy.  Dewatering structures 
are found at both Highway 5 and Danville, while dewatering structures are extremely 
abundant at the Danville location (Figure 3.2).  Soft sediment deformation as well as 
scouring are found throughout the study area in the form of load casts, groove casts and 
flute casts (Figure 3.3).  Abundant rip-up clasts are present in many of the massive sands 
throughout the study area.   
3.2.2  Facies B – Thin Bedded Sands 
 This package type is present throughout the study area and consists of thin bedded 
sandstones, with thickness of individual sandstone beds between 15 - 30 cm (Figure 3.4).  
The sandstones are well-sorted, fine-grained and micaceous. Graded bedding is rare.   
Overall, sedimentary structures are sparse, with some beds preserving small-scale  
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Table 3.1. Major lithofacies associated with the Lower Atoka Formation 
 
PACKAGES 
LITHOFACIES SCALE BEDDING DESCRIPTION 
 
SAND/SHALE 
RATIO 
A > 30 cm Thick-bedded 
Amalgamated thick-bedded 
sandstone 
75-90% 
B 15 - 30 cm Thin-bedded Sandstone beds with shale drape 
55-75% 
C 1 - 15 cm 
Very thin-
bedded Interbedded sandstone and shale 
75-90% 
D up to 5 m Laminated Parallel laminated shale 
NA 
E up to 15 m 
No internal 
bedding 
Chaotic unit with shale matrix 
and various compositional clast 
throughout 
NA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1.  Facies A, thick-bedded sandstones, often with amalgamated contacts.  
Photo taken at the Highway 5 outcrop between shale I and shale II. 
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Figure 3.2  Dewatering structure from the Danville outcrop 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.3 Flute cast from the Highway 5 outcrop.  Paleocurrent direction is indicated 
by the yellow arrow, which is almost due west at 275°. 
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climbing ripples and laminations.  However, most of the beds have no internal structures.  
Upper contacts are sharp or sometimes grade into a parallel laminated shale drape.  Basal 
contacts are either sharp or irregular.  Load-, groove-, and flute-casts are very common at 
the base of these sandstone beds.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.4 Facies B, thin bedded sandstones, often with a mudstone drape.  Photo 
taken from the Perryville outcrop. 
 
3.2.3  Facies C – Interbedded Thin Sand and Shale 
 This facies consists of interbedded sand and laminated silty shale beds (Figure 
3.5) with layer thicknesses ranging from 1 - 15 cm.  Most of the sandstone beds have 
small-scale climbing ripples, but occasionally there is a rare laminated sandstone bed.  
Graded bedding is completely absent in these well sorted, fine-grained sands.  The 
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majority of the interbedded silty shales are laminated with sharp upper and basal sand 
contacts.  However, some basal contacts can be irregular.   
3.2.4  Facies D – Mudstone/Shale 
 Shale packages are found throughout the study area.  However, they do not occur 
as frequently as the facies containing sandstone.  At one time, clay could have been 
present, but was removed by erosion.  Most of these packages range from a few 
centimeters to a few meters and the bedding is laminated.  The basal contacts are sharp 
and the upper contacts vary from sharp to irregular.   
3.2.5  Facies E – Chaotic Unit 
 Package D is a chaotic deposit with no bedding or internal structures visible 
(Figure 3.6).  They occur only infrequently throughout the study area, predominately at 
the Highway 5 outcrop with a few smaller scaled deposits at the Perryville outcrop.  The 
matrix of these deposits is mud supporting carbonate nodules that range from 5 – 10 cm 
in diameter.  There are also sandstone fragments found throughout these deposits.  The 
basal contacts tend to be irregular from scouring while the upper contacts are sharp. 
3.3  Outcrop Descriptions  
 Four Lower Atoka outcrops were studied (Figure 3.7) in detail in the Arkoma 
Basin.  From east to west within the basin the outcrops are Highway 5, Perryville, which 
is separated into four units (Perryville 1,2,3,4), Danville, and Chula.   
3.3.1  Highway 5 
 The Highway 5 outcrop is located along Highway 5 north of Cabot at  35.2°N, 
92.1°S.  This outcrop is extremely well exposed and its stratigraphic thickness is 
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Figure 3.5  Facies C, interbedded sandstones and mudstones.  Photo taken from the 
Highway 5 outcrop between shale IV and V. 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.6 Facies D, chaotic deposit.  Photo taken from the Highway 5 outcrop, 
  shale III. 
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Figure 3.7 The location of the four Lower Atoka outcrops studied in the Arkoma  
   
 
Figure 3.7 Location of studied Lower Atoka outcrop sections in Central Arkansas. 
 
 
 
 
 
 
Highway 5 
Perryville 
Danville 
Chula 
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approximately 290 m.  This location has five major shale breaks separated by a variety of 
stacking patterns consisting of variety of different facies associations (Appendix C).  
Facies A and B dominate the outcrop with each being approximately 30% of the overall 
section.  The rest of the section consists of 14% of facies C, 20% of facies D, and 5% of 
facies E.  The overall net sand/shale ratio for this outcrop is 59%, without the major shale 
breaks the net sand/shale ratio is 67%.  A schematic overview of this outcrop and its 
major facies is shown in Figure 3.8. 
· Base of the Outcrop to Shale I: Package I 
 Package I is 53 m and the sandstone/shale ratio is 72%.  Lithological facies A, B, 
and C are present.  Facies B and C dominate the first 30 m, after which facies A 
dominates to the base of Shale I.  Some of the thin-bedded sandstones, mainly from 
facies C, are rippled. However, most of the sandstones are massive and do not possess 
any internal structures.  Many of the sandstone beds have amalgamation surfaces and 
bottom structures: load-, flute-, and groove casts.  Rip-up clasts are abundant in these 
sandstones.  Most of the contacts are sharp but some are wavy.  Some of the beds are 
capped with a parallel laminated siltstone drape.  Local scour and fill structures are 
present at the base of several beds.   
· Shale I to Shale II: Package II 
Package II is 46 m thick and the sandstone/shale ratio is 80%.  This interval has 
an overall thickening upwards sequence. Above shale I are thin sandstone beds for 10 m 
which grade into thicker massive sandstones until the base of shale II.  Most of the thin 
bedded sandstones have ripples and shale drapes.  The massive sands are structureless 
and have rip-up clasts throughout.  Contacts tend to be sharp or wavy.  Several beds 
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exhibit pinch and swell geometries with some beds pinching out completely within the 
outcrop.  Parallel laminated shale drapes are present between several of the massive beds.  
Many of these sandstone beds are loaded at their base. 
· Shale II to Shale III: Package III 
 Package III is 23 m thick and the sandstone/shale ratio is 54%.  The lower part of 
this interval is comprised of thick massive amalgamated sandstone.  The sands contain no 
sedimentary structures and most beds have sharp contacts.  There are local scouring 
features present on several of the beds.  Above these amalgamated sandstone beds to the 
base of shale III one observes mostly thin beds of sand alternating with parallel-laminated 
shale beds, typical for facies C.  Again, the majority of the thin sandstone beds contain 
ripples, which is common throughout this entire outcrop where facies C is present. 
· Shale III to Shale IV: Package IV 
 Package IV is 53 m thick and the sandstone/shale ratio is 84.5%.  This interval is 
mainly comprised of sandstone beds with a few chaotic units.  The majority of the 
sandstones have amalgamation contacts, however, a very small number of the sandstone 
beds are separated by a shale drape.  Facies A and B dominate this unit.  The sandstones 
in these two facies are massive and some have abundant rip-up clasts.  Sole marks are 
found at the base of many beds, mostly in the form of load cast but a few flute cast are 
present indicting flow direction. Most of the contacts are sharp and a few are wavy. 
· Shale IV to Shale V: Package V 
Package V is 42 m thick and the sandstone/shale ratio is 69%.  Facies B and C 
dominate this interval.   Once again these two facies have similar characteristics as seen 
throughout the entire outcrop.  The sands in facies B are massive and the sands in facies 
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C have ripples.  There are more wavy contacts between these two shale units than seen in 
the rest of the outcrop.  Numerous beds in facies B have rip-up clasts.  Some of the beds 
have load casted lower bedding planes, and a few have flute casts at their base.  Most of 
the shale drapes are parallel laminated.  There are a few chaotic silty shales between shale 
IV and V.   
· Shale V to the Top of the Section: Package VI  
Package VI is 22 m thick and the sandstone/shale ratio is 69%.  From the top of 
shale V to the end of the outcrop the same facies and structures are seen that are between 
shale IV and V. 
3.3.2  Perryville 
The Perryville outcrops are located on Highway 9, between Perryville and Perry, 
Arkansas, at 35.1°N, 92.9°W.  There are four exposures at this location separated by 
valleys. Stratigraphically from the bottom of the section to the top are Perryville 1, 
Perryville 2, Perryville 3, and the Perryville 4 outcrop. 
· Perryville 1 
 This section is comprised of approximately 75% shale.  Most of the shale units 
are chaotic internally with no defined internal bedding.  There are a few thick 
amalgamated sandstones as well as a few thin sandstone beds.  Most of the sandstones are 
massive and structureless throughout.  A few of the beds are massive at their base and 
grade upward into parallel laminations.  Majority of the section is composed of package 
D, chaotic shale units.  The sand/shale ratio for this outcrop is 25%. 
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· Perryville 2 
This section has a much greater sand/shale ratio, 77%, than Perryville 1.  This 
outcrop is comprised of mostly facies A, B, and C.  The section is comprised of 79% 
facies A, 14% facies B, 7.5% facies C, and only 2.7% is facies E.  Facies A consists of 
massive amalgamated sandstones with no internal structures and some of the beds have 
rip-up clast throughout.  Most of the contacts are sharp, but there are several wavy 
contacts present.  Bottom structures are usually in the form of load casts. Facies B consist 
of thin sandstone beds which are usually accompanied by a parallel laminated shale 
drape.  The majority of these sands are structureless and the contacts are either sharp or 
wavy.  Facies C is comprised of thin interbedded sandstones with climbing ripples and 
parallel laminated shales.   
 The stacking patterns vary within this section and most are non-cyclic. However, 
towards the top of the outcrop there tends to be a fining-upward sequence of facies A, 
followed by a shale unit and once again a fining-upward sequence of facies A. 
· Perryville 3  
This section is comprised mostly of facies A, B, and C.  Facies C dominates this 
section with interbedded sandstones and shales.  The sand/shale ratio for this outcrop is 
63%.  The thin sandstone beds have climbing ripples throughout and alternate with thin 
parallel laminated shales. The majority of the sandstone and shale contacts are sharp with 
several sole marks in the form of groove and load casts.  Packages A and B are massive 
sandstone beds which are structureless and some of the beds have rip-up clast throughout.  
Compensational bedding occurs within these two packages.  Scour and fill structures are 
very prominent in several of the sandstone beds in this outcrop.  Also a few of the beds 
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pinch out completely (Figure  3.9).  Package A and package C seem to be non-cyclic, but 
package B indicates an overall fining-upward sequence. 
· Perryville 4 
Facies A comprises 58% of the overall section, facies B 21%, facies C 17%, and 
facies E only 3.5%.  The sand/shale ratio for this outcrop section is 81%, mostly 
composed of massive amalgamated sandstones.  These sandstones are similar to massive 
sandstones found in the other three Perryville outcrops.  They are structureless and some 
of the beds have rip-up clasts throughout. Occasionally between these massive sandstones 
facies C is present.  Again this package is similar to the thin interbedded sandstones with 
climbing ripples and parallel laminated shales in the other three sections.  Overall this 
section is non-cyclic. 
3.3.3  Danville 
Danville is located on Highway 27 at 35.3°N, 93.4°W.  This outcrop is fairly well 
exposed, but is covered in some areas by dense vegetation.  However, one can still see  
some excellent beds and structures throughout this section.  This section is predominately 
composed of massive amalgamated sandstones (facies A), which is 66% of the overall 
section.  Thin bedded sandstones (facies B) is only 3.8% of this section, interbedded 
sandstones and shale (facies C) consists of 8.6% of the section, and facies E is 21.1% of 
the section.  However, in most areas the shale has been weathered and laminations cannot 
be seen.   
Facies A in this outcrop is very different than what was observed in the  
Highway 5 and the Perryville outcrops.  Most of the sandstones contain internal 
structures.  At this outcrop the most abundant and complete turbidite sequences are 
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Figure 3.9 The sandstone bed, indicated by the arrow, represents the fill of an 
erosional channel.  Photo taken from Perryville outcrop. 
 
present, mostly the Ta, Tb, and Tc divisions.  Many of the sandstones are massive at the 
base grading into parallel laminated beds and a few of  the sandstone beds are capped by 
ripples.  This section is also different from the others in that it has abundant dewatering 
structures.  These structures are mainly in the form of  pilar structures.  They can be 
found to engulf a complete sandstone bed (Fig. 3.2 ).  Contacts range from sharp, 
gradational, and wavy.  Some of the sandstone beds have wavy bedding throughout.  
3.3.4  Chula 
 The Chula outcrop is located on a local road off of Highway 28 south directly 
pass the second intersection of Highway 307.  This outcrop has more shale than the other 
three outcrop locations discussed.  Nevertheless, package C dominates this section with 
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36.5% of the overall outcrop, facies A is 27%, facies B is 12%, facies E is 25%, and 
facies D is absent.  The overall sandstone/shale ratio for this outcrop is 46%.   
The thick sandstone beds at this location are similar to the sandstones at the 
Danville outcrop.  Some of the beds are massive, however, most grade into parallel 
laminations.  Complete turbidite sequences can be seen in several of the sandstone beds.  
Many of the beds have wavy laminations throughout.  Sole marks are very common and 
vary from load-, groove-, to flute casts. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 54
CHAPTER 4 OUTCROP CHARACTERIZATION 
 
4.1  Introduction 
 
The Highway 5, Perryville, Danville, and Chula outcrops are excellent examples 
of deepwater deposits.  Although all expose deepwater sediments, each outcrop has its 
own unique stacking pattern, lithofacies and sedimentary structures, differentiating one 
from the other.  While detailed study of the outcrops allows placement of the deposits in 
an appropriate deepwater depositional sub-environment, there are always some 
limitations to the degree of certainty of the interpretation.  Because the outcrops only 
represent a small proportion of the deposit, and the Lower Atoka beds in Central 
Arkansas are dipping due to tectonic activity in the past, the exposure of the beds does 
not permit to study lateral continuity, making it difficult to observe the overall geometry 
of each bed.   This can lead to misinterpretation or multi-working hypothesis of the 
outcrop’s depositional environment. 
In this study the terminology and the characteristics of the Bouma (2000) fine-
grained depositional model discussed in Chapter 2 were used to characterize the four 
Lower Atoka outcrops in the study area.   
4.2  Highway 5 
This section is unique in that it has several thick shales throughout the section 
(facies D, see Figure 3.8).  They are more common and stratigraphically thicker in this 
outcrop than in the other localities.  Internally the shales are either parallel laminated, 
bedded, or chaotic.  Each shale break represents a change that took place in the overall 
turbidite system.  The chaotic units are interpreted to be debris flow deposits.  A debris 
flow is defined as a high-density, semi-viscous flow in which the larger particles are 
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supported by the matrix strength comprised of interstitial fluid and very fine-grained 
sediment.  They are characterized by having the majority of the larger particles 
surrounded by the matrix. 
Between these shales/chaotic units there is a noticeable change within the 
sandstone packages in stacking patterns, cyclicity, sandstone geometry, and sedimentary 
structures, suggesting that these thick deposits influenced the sedimentary system at 
different times.  The changes in the sedimentary packages between the shales and chaotic 
units are interpreted to be the alternation between channel axis (facies A) and channel 
margin (facies B and C) deposition.  The major differences between the two types of 
deposits are the thickness of the beds, sand/shale ratio, and sedimentary structures.  
Facies A are thicker (>30 cm), have a higher net to gross (>75%), and are massive.  
These massive sandstones are amalgamated with abundant rip-up clasts, and scours 
present at the base of a few of the sandstone beds throughout the section suggesting a 
higher energy environment (Figure 4.1).  Facies B and C deposits differ in that they have 
a lower net to gross (55-75%) and consists of  thin rippled sandstones (1-15 cm) 
alternating with parallel laminated mudstones.   
4.2.1  Interpretation 
The debris flow deposits (facies E) are the result of sediment instabilities either 
from the shelf edge, on the slope utilizing the sedimentation paths of the main turbidite 
system, and/or coming from the flanks of the basin where muds were deposited earlier 
from tails of turbidity currents.  During deposition of the beds at the Highway 5 outcrop 
the region was highly tectonic, probably increasing sediment instability.  The large scale 
of these deposits could have carved out a channel-like feature creating the initial 
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sediment pathway, caused the system to switch course, blocked the turbidite system 
completely, or is related to sea level changes depending on the characteristics of the shale 
package.   
Sullivan et al. (2001), describes the differences between proximal and medial 
submarine fan settings based on outcrops from the Permian Skoorsteenberg Formation in 
the Tanqua Karoo Basin, South Africa and the Lower Carboniferous Ross Formation in 
the Clare Basin, western Ireland.  In their data set, the proximal fan setting is dominated 
by erosionally confined channels and interchannel sheets, with the transition zone 
between proximal and medial dominated by compensationally stacked, very broad 
channel complexes.  In the transition zone the bases of these sands tend to be non-
erosional, suggesting an aggradational origin.  Channel-axis deposits are characterized by 
highly amalgamated, massive sandstones while away from the axis, beds become less 
amalgamated and continuous, and are characteristic of channel margin deposits (Figure 
4.2).  Deposits in the medial fan setting are comprised of extremely broad channels or 
sheets.  Following this criteria, deposits in the Highway 5 outcrop are similar to the 
proximal to medial (middle to lower fan environment, distributary channels) transitional 
facies.  The outcrop consists of compensationally stacked, very broad channel complexes 
with predominately non-erosive bases alternating between channel axis and channel 
margin deposits from channel aggradation (Figure 4.3). 
Study of the sedimentary packages between the shale breaks and chaotic units 
suggest multiple interpretations to the deepwater environment the Highway 5 outcrop 
was deposited in.  Alternation between facies A (channel) and facies B and C (channel 
margin) deposits between the shale/chatoic units suggests several periods of channel 
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abandonment and reactivation caused by channel avulsion through time or a steady input 
of sediment creating a compensational stacked channel complex.  The beds in the 
Highway 5 outcrop were likely deposited in a middle fan environment alternating 
between channel axis and channel margin deposition.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.1.  Erosional contacts. A)  A debris flow scoured into the sandstone bed 
                  beneath it, and B) a eroded part of the underlying sandstone beds  
                   giving it an overall channel-like appearance.  Photo taken from the  
                   Highway 5 outcrop. 
A B 
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Figure 3.8 is a line drawing of the Highway 5 outcrop with the major shales and 
debris flow deposits, together with the net-to-gross (N/G) of each package.  The base of 
the outcrop to shale I is mostly channel margin deposits (facies C) overlain by a sequence 
of thick massive amalgamated, more axial channel deposits (facies A).  From shale II to 
shale III channel margin deposits dominate while between shale III and IV channel axis 
deposits are prevalent.  Some of the massive sandstone beds in this package, Ta beds, 
grade into parallel laminations, Tb beds (Figure 4.4).   From shale IV to the top of the 
outcrop the package alternates between thick massive sandstones (facies A) and 
interbedded thin sandstones with climbing ripples and mudstones (facies C) and 
represents a transition zone alternating between channel axis and channel margin 
deposits.  Appendix C is a photomosaic of the Highway 5 outcrop. 
4.3  Perryville 
 The Perryville outcrops are predominately comprised of facies A, B, and C.  
There is evidence of scouring at the base of several of the sands in facies A with some of 
the beds pinching out completely within the outcrop (Figure 3.8).  These sands are 
massive, usually have a mudstone drape, and many of the beds have rip-up clasts.  Facies 
C, channel margin deposits, consists of thin beds of alternating climbing rippled 
sandstones and parallel laminated shales.  The presence of ripples in these sandstones 
indicates a change in velocity from a turbulent flow to a traction flow and a steady input 
of sediment.  This change in flow regime is typical for the transition between channel 
axis and channel margin environments. 
 
 
 61
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.4.  Massive sandstone bed (Ta) grading into parallel laminated silty sand (Tb)  
        from the Highway 5 outcrop location. 
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4.3.1  Interpretation 
The variation between channel axis (Facies A) and channel margin (Facies C) 
deposits suggest a series a compensationally stacked channels due to channel 
aggradation.  Channels are always looking for the steepest gradient, leading to the change 
between channel axis and channel margin deposits throughout the section.  
The Perryville outcrops are interpreted to have been deposited in a middle fan 
environment, indicated by the change in deposition between channel and channel margin 
facies.  
4.4  Danville 
 This section is composed mostly of facies A.  However, there are some significant 
differences compared to the Highway 5 and Perryville outcrops.  The deposits of this 
outcrop have more sedimentary structures, the most complete Bouma Sequences and 
massive dewatering structures.  In the Danville outcrop the Bouma Ta, Tb, and Tc 
divisions are seen in many of the sandstone beds.  In addition to the increased presence of 
sedimentary structures this outcrop also has the highest sand/shale ratio of the four 
outcrops studied.   
4.4.1  Interpretation 
In fine-grained deepwater turbidite environments, sheet sand sub-environments 
tend to have more sand than any other part of the system, and typically have the most 
complete Bouma Sequences.  The Danville outcrop was probably deposited in a lower 
fan environment as sheet sands.  Figure 4.5 is the fine-grained turbidite model by Bouma 
(2000) with the interpreted location of where Danville was possibly deposited. 
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Figure 4.5  Interpreted location of the Highway 5, Perryville, Danville and Chula 
                   outcrops using Bouma (2000)  fine-grained deepwater depositional model. 
 
4.5  Chula 
 The abundant sedimentary structures in the sandstone beds at the Chula outcrop 
are similar to those in the sandstones deposited at Danville.  Bouma Sequences can be 
observed in many of the sandstone beds while massive beds (Ta) grade into parallel or 
wavy laminations (Tb) and are capped with ripples (Tc).  Unique to this outcrop is that 
some of the sandstone beds contain wavy laminations throughout their thickness.  
Overall, wavy laminations and are more common here than in the other outcrop locations.  
Chula can be differentiated from Danville by the more abundant presence of facies C.   
 
 
Perryville 
Chula 
Danville 
Highway 5 
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4.5.1  Interpretation 
The main difference between this outcrop and the other three is that facies C 
contains current ripples instead of climbing ripples, which may represent distal fan fringe 
deposits.  The density flow that deposited facies C, distal fan fringe,  had to have been 
different than the flows that deposited the channel margin deposits in the Highway 5 and 
Perryville outcrops.  This section is interpreted to have been deposited in a lower fan 
environment as distal sheet sands.  Figure 4.5 shows an interpreted location of where the 
Chula outcrop was deposited in a deepwater system.  
4.6  Conclusions  
 Due to their variability, major outcrops of deepwater depositional systems can be 
extremely difficult to correlate from outcrop to outcrop.  Coupled with other unknowns of 
the Arkoma Basin: the scale of the basin and its subbasins, the geometry, and the 
morphology of the seafloor, it is difficult to determine if these outcrops were part of the 
same turbidite system or even turbidite complex.  Studying these outcrops in detail helps 
to determine depositional environments, but it is impossible to correlate individual beds  
or packages between outcrops.  It has been determined that the Highway 5 and Perryville 
outcrops were deposited in a middle fan environment consisting of alternating facies of 
channel and channel margin deposits, while the Danville and Chula outcrops were 
deposited in a lower fan setting.   
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CHAPTER 5 PROVENANCE 
 
5.1  Introduction 
 
Many workers (Cline, 1970; Morris, 1974a, b; Houseknecht, 1986; Robert and 
Link, 1986; Sutherland, 1988) interpret the Atokan sediments in the frontal Ouachitas to 
have been deposited in an east-west trending deep-water trough, however, the source of 
the sediments is still being disputed today.  According to Houseknecht (1986), there were 
three major dispersal systems that affected the deposition of the Atokan strata, and most 
authors agree with one or more of these systems: 1) ditritus entered the basin from the 
north, coming from the Ozark and Nemaha uplifts, and crystalline rocks of the distant 
Canadian shield (Hayes, 1963), 2) sediment was transported southward from the Illinois 
Basin, and 3) sediment entered the basin from the Black Warrior Basin in Alabama and 
Mississippi.  The Black Warrior Basin was probably the most important in Atokan 
sediment supply, and probably fed sediment to the shallow marine systems in the north 
and the deep marine systems in the south (Mack et al, 1983; Morris, 1974; Graham et al., 
1976; McGilvery and Houseknecht, 2000).    
Two sources more than likely contributed to the Lower Atoka Formation in the 
study area: the southern Appalachians was the major supplier and the Illihois Basin a 
minor one.  The Illinois Basin is an intracratonic basin that could have been a northern 
source for sediment input into the basin and, secondly the northern part of the southern 
Appalachians transported sediment northwest into the Black Warrior Basin, from where 
the sediment was transported southwestward parallel to the axis of the basin.  The Black 
Warrior Basin was within the curve of the Appalachian-Ouachita syntaxis, which 
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funneled sediment westward into the Arkoma Basin and Ouachita region (Graham et al., 
1975, 1976). 
 In this study the primary provenance interpretation for the Lower Atoka 
Formation is the Appalachian Mountain belt with minimal amounts from the Illinois 
Basin.  Paleocurrent data as well as thin section analysis have lead to this conclusion. 
5.2  Methods  
Several methods were used in this study to determine provenance.  The main 
methods include paleocurrent measurements, point counting, and mineralogy, specifically 
analyzing tourmaline crystals.  Paleocurrent measurements were taken to determine the 
current direction where available in each outcrop.  The measurements were primarily 
taken from sole markings: flute- and groove casts. 
 Samples were taken from different facies in each outcrop for petrographic 
analysis, then thin sections were made for grain size analysis, point counting, mineralogy, 
and tourmaline analysis.   
The average of one-hundred grains were measured to determine grain size in each 
section and two-hundred grains were counted for point-counting analysis (Table 5.1), 
using the Gazzi-Dickinson method (1979).  Heavy minerals, mainly tourmaline, were 
used to try and determine provenance.  For the tourmaline analysis, thin sections were 
polished and carbon coated, then selected crystals were analyzed at Louisiana State 
University using an electron microprobe to obtain the precise chemical composition of 
each crystal.  Finally each crystal was plotted on an Al-Fe(tot)-Mg ternary diagram 
(Henry, 1985) to try and determine the source rock.  Thirty-one tourmaline grains in a 
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total of eight thin sections from the study area were used to aid in determining 
provenance.  
 
Table 5.1.  Lower Atoka Point Counting Analysis: grain size, grain shape, and sorting 
      from selected samples.  Qm - monocrystalline quartz, Qp - polycrystalline     
      quartz, F - feldspar, L - lithic fragments, M - muscovite, and O - opaque  
      minerals.  Grain size is in millimeters. 
 
Lower Atoka Point Counting Analysis 
Sample Qm Qp F L M O  Grain size Shape Sorting 
H5a 86 2 1.5 5 5 5 0.56 sub-angular mod-poorly 
H5r 89.5 4.5 1 3 2   0.56 sub-angular mod-poorly 
H5b 86.3 5.4 0.5 6.5 2.6 2.5 0.45 sub-rounded mod-poorly 
P1a 85.5 5.5 0 5.5 1.5 2 0.61 sub-rounded moderately 
P2a 87 1.5 0 7.5 3.5 0.5 0.63 sub-rounded poorly 
P3g 89 6.5 0 5 0.5   0.74 sub-angular poorly 
D2a 90 3 0.5 4 2 0.5 0.59 sub-rounded moderately 
P3d 87 4 0.5 5 0.5 0 0.52 sub-angular poorly 
P4c 81 6 0 4.5 2.5 6 0.69 sub-rounded poorly 
P4g 82.5 7 0 1.5 1 2.5 0.71 sub-rounded moderately 
D1a 89 2.5 1 3 3 2.5 0.63 sub-angular moderately 
D3a 86 2.5 1 6 3.5 1 0.48 sub-rounded poorly 
Ca 80.5 6 1.5 2 2.5 3 0.4 sub-angular moderately 
Cb 86 5 0.5 5 2.5 1 0.89 sub-rounded mod-poorly 
 
5.3  Discussion 
 Paleocurrent data taken from the four outcrops studied are predominantly in a 
westward direction, with the sediment being transported from east to west along the 
Ouachita axial thrust belt (Figure 5.1).  This data corresponds to other authors who have 
worked in the Arkoma Basin (Mack, 1983;  Morris 1974;  Spraque, 1981).  There were a 
few measurements indicating a northwest or southwest transport direction, however 
turbidity currents can come from anywhere and eventually turn into the main basin axis, 
which in the case of the Lower Atoka is almost directly due west. 
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 The results from point-counting were plotted on a QFL and a QmFLt triangular 
diagram of Dickinson and Suczek (1979) (Figs. 5.2 and 5.3), in which Q is total quartz, 
Qm is monocrystalline quartz, F feldspar grains, and L unstable lithic fragments.  The 
majority of the Lower Atoka samples fall in the recycled orogen provenance, which 
influences one very little about sediment source,  and a few plot near the edge of the 
craton interior.   
The Atokan sandstone are micaceous, have abundant quartz grains (between 85 – 
95%), very minimal amounts of feldspars (approximately 1-2%), and  minor 
metamorphic and sedimentary rock fragments (2-5%).  At the time of Lower Atokan 
deposition the climate in the Arkoma Basin was hot and humid, which probably 
contributed to the break down of less stable minerals and the quartz-rich nature of these 
sandstones.  In the literature some authors have interpreted the Atoka to be sourced from 
a low-grade metamorphic system ( Morris, 1974a; Mack, 1983), however, there are huge 
muscovite laths that indicate either an igneous or high grade metamorphic source.  
Igneous rock fragments are absent in the samples collected, therefore, these rocks 
probably originated from a metamorphic source.   
Tourmaline is one other most widespread non-opaque heavy accessory minerals 
in sediments (Krynine, 1946).  It can be used to indicate provenance in clastic 
sedimentary rocks because its mechanically resistant and has a wide range of chemical 
compositions which can aid in determining the original rock composition (Krynine, 1946; 
Henry and Dutrow, 1992).  Figure 5.4 is a Al-Fe(tot)-Mg ternary diagram with each 
tourmaline crystal plotted from microprobe analysis of samples taken from the Highway 
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Figure 5.1.  Black arrows indicate average paleocurrent direction for the four outcrops in 
                   the study area.  From east to west the average paleocurrent measurement for 
                   each outcrop location is : Highway 5 - 280º, Perryville - 250º, Danville -  
       256º, and Chula - 260º.  
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Figure 5.2.  The ternary diagram from Dickenson and Suczek (1979) represents three 
                    major provenance fields: recycled orogen, magmatic arc, and continental  
                    block with sources on stable cratons and in uplifted basements.  Point  
                    count analysis from the study are plotted and indicate a recycled orogen  
                    provenance. Each point represents a single modal analysis of 250 grains.  
                    Q - monocrystalline and polycrystalline quartz, F - total feldspars, and L -  
                    lithic fragments.  All of the samples fall within the recycled orogen 
                    provenance. 
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Figure 5.3.  The ternary diagram from Dickenson and Suczek (1979) represents three 
                    major provenance fields: recycled orogen, magmatic arc, and continental  
                    block.  Point count analysis from the study area are plotted and fall mainly 
                    within a recycled orogen provenance.  Qm - monocrystalline quartz, Lt - lithic  
                    fragments and polycrystalline quartz, F - feldspars.   
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5, Perryville, and Danville outcrops.  The results are scattered indicating multiple source 
rocks, however, most of the samples fall within a metamorphic region.  A similar 
tourmaline study was conducted on the upper Atoka Formation (deltaic deposits), and the 
results were similar to the Lower Atoka (Wright, C.M., 2002, personal communications). 
Most of the thin sections from the Lower Atoka in this study are fine - to medium 
-grained (5 – 8mm), moderately sorted, and have sub-angular to angular grains (Figure 
5.5).  Previous authors have stated that the Atoka is fine-grained, well sorted, and has 
angular grains.  However, many of these authors who have studied the Atoka Formation 
did not specify if there samples were from the lower, middle, or upper Atoka Formation.   
5.4  Interpretation 
 The main provenance interpretation for this study indicates the Appalachian 
orogen via the Black Warrior Basin (Fig. 5.6).  This interpretation is supported by the 
mineral composition of the sandstones and tourmaline analysis.  The huge muscovite 
laths and the consistent chemical composition of the tourmaline grains in each outcrop 
indicates a high-grade metamorphic influence.  The Lower Atoka sediments in the 
Arkoma were probably sourced from metasedimentary rocks, which originally came from 
a high-grade metamorphic source.  More than likely the sediment was funneled through 
the Black Warrior Basin along the Appalachian-Ouachita Fold and Thrust belt into the 
Arkoma Basin.  This mode of sediment deposition and transportation is similar to what 
we see today in the Himalaya Bengal Fan region (Graham et al., 1975). 
The Illinois Basin more than likely funneled some sediment into the Arkoma 
Basin, however, its affect on the Lower Atoka Formation was very minimal.  The 
samples from the study area have no indication of carbonates, and the Illinois Basin had a 
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larger volume of carbonates than siliciclastics during the Paleozoic, with only one-third 
being shale and siltstone and one-fifth sandstone (Collinson et al., 1989).  If there was a 
substantial amount of sediment being funneled from the Illinois Basin one would expect 
to see more carbonates in the rock samples.  Also the tourmaline grains indicate a 
metamorphic source rock which was not present in the Illinois Basin, but only in the 
Appalachians. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.4.  Al-Fe(tot)-Mg diagram for tourmalines from various rock types. Fe(tot) is the  
        total Fe in the tourmaline.  The rock types represented are: 1) Li-rich  
                   granitoid pegmatites and aplites, 2) Li-poor granitoids and their associated  
                   pegmatites and aplites, 3) Fe3+-rich quartz-tourmaline rocks (hydrothermally 
                   altered granites, 4) Metapelites and metapsammites coexisting with an Al- 
                   saturating phase, 5) Metapelites and metapsammites not coexisting with an 
                   Al-saturating phase, 6) Fe3+-rich quartz tourmaline rocks, calc-silicate rocks,  
                   and metapelites. 
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Figure 5.5.  Two representative thin sections taken from the 
       Perryville outcrops.  Most of the samples were fine- to medium- 
       grained, moderately-poorly sorted, and had sub-rounded to angular  
       grains. 
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Figure 5.6.  The main sediment supply during the transport and deposition of  
        the Lower Atoka Formation in Central Arkansas was from the  
                   Appalachian region via the Black Warrior Basin.  The Illinois  
        Basin may have served as a minor source area in the Arkoma Basin 
                   during this time. 
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CHAPTER 6 CONCLUSIONS 
 
6.1  Objective 
 
Determine depositional characteristics and reservoir performance of fine-grained 
submarine fan outcrop deposits, with an emphasis on sedimentary facies, vertical 
succession of beds, sedimentary structures, an other small-scaled features that cannot be 
resolved in subsurface deposits. 
6.2  Conclusions  
From field and laboratory work several conclusions could be derived from the 
Lower Atoka outcrop study: 
1. Five sedimentary lithofacies were identified in the study area: 1) Facies A -  
 massive sandstones, 2) Facies B - thin bedded sandstone with a mudstone drape, 
 3)  Facies C - thin interbedded sandstone and mudstone, 4)  Facies D - chaotic  
 unit, and 5) Facies E - mudstone/shale. 
2. The Lower Atoka was deposited by sediment gravity (mainly turbidity currents) 
flows in channelized and unchannelized environments.   
3. The Highway 5 and Perryville outcrops represent higher energy channelized 
deposits. These flows at times were very erosive depositing their bed loads 
quickly, indicated by frequent soft sediment deformation and the abundance of 
massive sandstone beds.  Many of the sandstones grade upward into siltstones and 
mudstones, which represent lower energy deposition from the tail end of a 
turbidity current.  
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4. The Danville and Chula outcrops are unchannelized sheet deposits that were 
deposited mostly by the slowing down of a tubidity current indicated by the 
presence of abundant sedimentary structures.   
5.  Net-to-gross (sand-to-shale) ratios vary between the outcrops.  The variation in 
net-to-gross is an indication of varying depositional characteristics and different 
rates of transportation and deposition of sediments into the basin.  The 
sandstone/shale ratio for the Highway 5 outcrop is 67%, Perryville 1 - 25%, 
Perryville 2 - 77%, Perryville 3 - 63%, Perryville 4 - 81%, Danville - 70%, and 
Chula - 46%.  Several factors: sea-level, tectonics, climate, basin morphology, 
and sediment supply, affected the overall deposition into the basin. 
6.   The Highway 5 and Perryville outcrops have characteristics of a middle fan 
environment, and consists of an alteration between channel axis and channel 
margin deposits, resulting from lateral channel migration and channel 
aggradation. 
7. The Danville and Chula outcrops are both lower fan sheet sand deposits, however, 
Danville is more proximal and Chula is more distal.  The sandstone thickness are 
not consistent due to the compensational staking patterns of these deposits. 
8.  Large mudstone (shales) deposits were recognized.  These deposits indicate a 
change that took place in the sediment transport and deposition.  These changes 
can be the result of several forces: sea-level fluctuations, tectonic forces, sediment 
supply, sediment loading, or climate, and any interaction between these forces.  
More than likely one or more of these factors initiated the system, created channel 
avulsion,  or allowed the system to become inactive for a period of time.  This is 
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represented by the varies changes in the sandstone packages between these major 
units.  The debris flow deposits are probably the result of sediment instabilities 
from the shelf edge or basin sides. 
9. The sandstone packages in the study area for the most part are non-cyclic.  No 
distinct bed pattern or thickness in the outcrops was observed. 
10. The Lower Atoka was sourced mainly from the Appalachian orogen via the Black 
Warrior Basin , possibly with minimal sediment influence from the Illinois Basin.  
More than likely the sediment was funneled through the Black Warrior Basin 
along the Appalachian-Ouachita fold and thrust belt into the Arkoma Basin.  The 
provenance correlates well with the predominately western paleocurrent direction 
of the Lower Atoka in the study area.  The source rocks probably came from a 
recycled sedimentary orogen in the Appalachian region that was comprised of 
mostly sedimentary and metasedimentary rocks.  Muscovite laths and the 
chemical composition of tourmaline crystals indicate a high-metamorphic 
influence. 
11. The outcrops in the study area could not be correlated.  The Lower Atoka is 
approximately 3,650 m thick and several factors are not known, such as well log 
control between the outcrops and the absence of detailed biostratigraphy  
12. The Lower Atoka outcrops are excellent examples of vertically stacked deep-
water deposits, however, these outcrops lack laterally continuity making it 
difficult to determine the exact deep-water sub-environment. 
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GAMMA RAY MEASUREMENTS 
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Highway 5 Scintillometer Measurements           
Meters Feet 1 2 3 4 5 6 7 8 Average 
0 0 206 186 194 197 196 194 204 198 196.88
0.6096 2 183 191 178 185 193 189 180 192 186.38
1.2192 4 190 208 200 236 207 216 214 215 210.75
1.8288 6 184 187 218 185 195 187 178 199 191.63
2.4384 8 192 177 175 184 172 194 189 184 183.38
3.048 10 215 208 215 218 204 203 211 201 209.38
3.6576 12 190 194 190 205 198 199 208 192 197.00
4.2672 14 228 224 230 225 219 216 233 223 224.75
4.8768 16 238 235 246 247 231 250 233 240 240.00
5.4864 18 247 251 244 248 246 243 259 255 249.13
6.096 20 224 212 226 217 214 221 226 206 218.25
6.7056 22 198 188 181 182 177 166 174 189 181.88
7.3152 24 190 187 186 187 201 192 177 188 188.50
7.9248 26 179 175 176 172 173 170 174 180 174.88
8.5344 28 178 190 170 181 180 180 183 190 181.50
9.144 30 197 191 186 189 195 206 190 188 192.75
9.7536 32 175 196 193 189 200 188 183 193 189.63
10.363 34 206 207 215 201 203 205 187 206 203.75
10.973 36 225 226 238 217 236 228 220 226 227.00
11.582 38 251 246 246 238 247 252 236 239 244.38
12.192 40 229 229 227 243 248 228 232 237 234.13
12.802 42 222 210 230 220 230 234 210 225 222.63
13.411 44 241 251 250 247 233 239 227 226 239.25
14.021 46 212 199 190 203 192 212 212 193 201.63
14.63 48 223 217 211 208 205 198 204 213 209.88
15.24 50 206 194 207 193 215 205 208 198 203.25
15.85 52 225 221 222 239 215 226 227 233 226.00
16.459 54 270 256 294 267 250 258 284 273 269.00
17.069 56 270 249 253 250 249 264 266 262 257.88
17.678 58 263 276 289 269 271 276 239 264 268.38
18.288 60 238 241 230 237 246 225 230 239 235.75
18.898 62 240 245 242 261 249 255 245 239 247.00
19.507 64 236 242 232 237 238 233 248 231 237.13
20.117 66 244 242 263 260 242 243 249 255 249.75
20.726 68 240 251 248 243 240 244 246 247 244.88
21.336 70 252 250 259 247 244 254 260 268 254.25
21.946 72 271 261 257 270 257 267 282 258 265.38
22.555 74 216 241 241 238 228 224 227 239 231.75
23.165 76 227 241 233 242 238 226 234 235 234.50
23.774 78 229 233 237 235 232 229 233 238 233.25
24.384 80 244 251 243 256 240 250 254 248 248.25
24.994 82 231 252 237 262 243 260 251 247 247.88
25.603 84 250 247 242 242 232 239 262 247 245.13
26.213 86 300 302 270 293 279 304 297 305 293.75
26.822 88 248 252 244 267 249 235 260 245 250.00
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27.432 90 267 251 263 249 243 260 256 242 253.88
28.042 92 236 229 221 230 231 225 228 240 230.00
28.651 94 237 231 238 235 238 225 230 218 231.50
29.261 96 249 256 245 251 243 248 246 253 248.88
29.87 98 249 251 248 253 237 240 257 242 247.13
30.48 100 246 254 265 266 263 261 258 260 259.13
31.09 102 234 236 253 238 246 239 235 254 241.88
31.699 104 240 244 240 234 248 249 240 245 242.50
32.309 106 240 238 219 225 223 234 230 229 229.75
32.918 108 219 216 213 218 206 214 209 220 214.38
33.528 110 225 235 227 228 228 224 228 231 228.25
34.138 112 236 226 228 235 228 220 224 228 228.13
34.747 114 232 239 225 249 245 246 233 252 240.13
35.357 116 231 236 223 228 239 245 219 238 232.38
35.966 118 241 252 252 239 249 247 249 251 247.50
36.576 120 236 278 267 251 256 259 265 243 256.88
37.186 122 244 248 234 225 243 240 218 226 234.75
37.795 124 224 223 225 234 213 222 229 233 225.38
38.405 126 229 248 247 232 234 225 233 250 237.25
39.014 128 218 207 211 217 210 194 199 215 208.88
39.624 130 198 209 204 221 191 209 214 210 207.00
40.234 132 229 243 255 237 233 246 240 255 242.25
40.843 134 264 246 263 255 252 265 257 255 257.13
41.453 136 219 231 232 219 235 230 225 238 228.63
42.062 138 211 214 202 210 207 213 209 216 210.25
42.672 140 212 276 204 215 203 186 193 215 213.00
43.282 142 204 184 199 188 193 189 178 199 191.75
43.891 144 206 191 190 198 202 195 196 211 198.63
44.501 146 220 215 206 210 221 205 187 220 210.50
45.11 148 194 186 201 197 210 191 205 186 196.25
45.72 150 186 190 177 185 191 194 186 185 186.75
46.33 152 200 197 192 200 193 196 195 183 194.50
46.939 154 183 185 192 180 190 187 182 190 186.13
47.549 156 201 191 187 184 178 186 167 181 184.38
48.158 158 193 203 198 188 189 193 188 191 192.88
48.768 160 229 226 205 221 238 228 223 220 223.75
49.378 162 220 219 216 221 216 222 226 212 219.00
49.987 164 202 214 212 211 230 217 208 211 213.13
50.597 166 217 235 224 216 214 219 218 215 219.75
51.206 168 192 207 198 206 217 210 200 191 202.63
51.816 170 210 197 211 200 219 201 208 194 205.00
52.426 172 222 206 214 218 226 213 222 208 216.13
53.035 174 248 247 252 241 254 238 254 247 247.63
53.645 176 253 259 258 243 256 250 256 262 254.63
54.254 178 232 226 230 233 222 223 235 223 228.00
54.864 180 266 252 241 256 267 243 264 235 253.00
55.474 182 276 273 305 294 296 287 295 280 288.25
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56.083 184 304 298 297 294 305 280 317 324 302.38
56.693 186 327 317 308 328 317 335 323 321 322.00
57.302 188 306 291 297 302 292 294 287 299 296.00
57.912 190 303 268 272 262 285 281 258 272 275.13
58.522 192 252 232 254 255 256 273 256 252 253.75
59.131 194 212 219 213 223 226 215 223 220 218.88
59.741 196 215 221 207 209 220 240 211 221 218.00
60.35 198 227 222 216 226 221 200 216 224 219.00
60.96 200 218 204 213 208 211 210 205 209 209.75
61.57 202 197 202 190 203 204 205 194 195 198.75
62.179 204 213 207 222 215 207 194 198 202 207.25
62.789 206 215 215 205 215 213 215 205 208 211.38
63.398 208 211 201 216 212 217 228 216 198 212.38
64.008 210 231 225 234 235 221 238 231 211 228.25
64.618 212 235 230 216 229 234 242 230 220 229.50
65.227 214 220 209 218 210 233 234 220 224 221.00
65.837 216 222 219 215 223 233 226 224 232 224.25
66.446 218 224 229 228 236 235 238 244 235 233.63
67.056 220 222 219 215 228 233 226 224 232 224.88
67.666 222 212 222 228 217 226 219 236 229 223.63
68.275 224 211 215 214 213 221 211 207 213 213.13
68.885 226 201 194 197 186 205 195 187 201 195.75
69.494 228 210 196 205 195 206 201 209 195 202.13
70.104 230 196 181 194 215 197 198 187 185 194.13
70.714 232 190 181 181 189 178 188 188 178 184.13
71.323 234 205 195 211 195 203 205 215 204 204.13
71.933 236 200 185 191 198 204 201 204 202 198.13
72.542 238 209 220 212 220 207 199 211 219 212.13
73.152 240 200 197 207 209 199 195 201 202 201.25
73.762 242 203 200 203 194 229 193 201 197 202.50
74.371 244 208 194 191 193 202 207 178 213 198.25
74.981 246 203 199 188 201 196 198 196 203 198.00
75.59 248 265 251 259 252 262 238 254 255 254.50
76.2 250 267 270 245 260 259 265 258 254 259.75
76.81 252 229 238 241 230 243 238 243 244 238.25
77.419 254 178 186 171 176 182 179 180 179 178.88
78.029 256 201 188 201 184 193 182 188 187 190.50
78.638 258 168 181 185 182 181 189 184 176 180.75
79.248 260 198 206 200 215 195 204 196 217 203.88
79.858 262 186 189 190 175 188 192 189 198 188.38
80.467 264 175 176 176 186 176 184 169 188 178.75
81.077 266 175 175 169 171 189 183 167 171 175.00
81.686 268 187 186 205 174 205 207 208 190 195.25
82.296 270 172 170 174 182 171 173 168 187 174.63
82.906 272 188 198 194 179 190 181 192 185 188.38
83.515 274 180 168 184 173 177 176 184 175 177.13
84.125 276 188 178 182 174 184 163 194 176 179.88
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84.734 278 182 172 174 170 179 195 169 172 176.63
85.344 280 180 188 176 179 184 187 198 189 185.13
85.954 282 194 186 188 190 200 206 198 200 195.25
86.563 284 191 178 209 199 185 182 176 202 190.25
87.173 286 174 185 176 179 175 176 186 177 178.50
87.782 288 172 155 180 196 172 185 178 172 176.25
88.392 290 182 188 180 171 187 182 179 182 181.38
89.002 292 185 177 178 187 177 181 172 173 178.75
89.611 294 194 210 194 202 199 194 196 197 198.25
90.221 296 193 200 205 203 203 203 202 186 199.38
90.83 298 180 172 161 181 167 178 173 182 174.25
91.44 300 172 169 205 188 184 193 183 190 185.50
92.05 302 200 180 189 192 191 189 199 200 192.50
92.659 304 166 168 171 172 166 170 172 171 169.50
93.269 306 169 162 164 161 189 159 189 183 172.00
93.878 308 185 176 181 182 181 179 178 184 180.75
94.488 310 185 176 182 178 188 181 177 192 182.38
95.098 312 195 201 197 186 192 194 192 196 194.13
95.707 314 199 207 192 199 190 213 204 197 200.13
96.317 316 223 228 237 228 236 229 231 219 228.88
96.926 318 215 199 209 199 215 196 211 199 205.38
97.536 320 187 190 196 183 187 196 176 193 188.50
98.146 322 185 186 194 175 200 189 192 185 188.25
98.755 324 180 176 175 183 186 184 178 170 179.00
99.365 326 199 192 193 187 186 195 186 201 192.38
99.974 328 182 201 181 185 199 191 176 187 187.75
100.58 330 185 182 190 182 181 184 188 184 184.50
101.19 332 199 187 185 187 199 186 190 189 190.25
101.8 334 202 200 188 198 204 201 197 207 199.63
102.41 336 215 228 210 225 219 216 218 223 219.25
103.02 338 237 244 227 229 248 238 223 241 235.88
103.63 340 300 338 308 307 313 324 313 307 313.75
104.24 342 313 324 313 307 322 332 331 320 320.25
104.85 344 341 326 332 324 322 332 331 320 328.50
105.46 346 310 304 295 297 308 289 301 307 301.38
106.07 348 341 349 331 349 345 344 357 361 347.13
106.68 350 349 339 353 333 344 351 360 344 346.63
107.29 352 290 299 293 303 294 291 297 290 294.63
107.9 354 351 333 343 342 331 351 339 328 339.75
108.51 356 341 327 339 329 322 327 328 320 329.13
109.12 358 322 311 304 316 303 292 309 289 305.75
109.73 360 310 316 324 305 324 317 323 316 316.88
110.34 362 305 314 308 311 324 307 319 314 312.75
110.95 364 216 231 236 266 250 247 259 230 241.88
111.56 366 256 261 257 255 268 256 259 268 260.00
112.17 368 215 224 210 209 215 207 224 203 213.38
112.78 370 194 196 203 195 185 181 184 191 191.13
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113.39 372 198 197 199 195 201 173 187 197 193.38
114 374 193 198 228 205 210 189 202 212 204.63
114.6 376 200 184 194 183 190 212 208 191 195.25
115.21 378 201 206 190 204 210 202 212 208 204.13
115.82 380 274 286 269 268 279 271 276 271 274.25
116.43 382 288 285 275 272 301 308 304 286 289.88
117.04 384 314 310 317 313 311 316 310 341 316.50
117.65 386 317 305 306 329 313 309 315 319 314.13
118.26 388 288 287 305 306 293 295 289 288 293.88
118.87 390 286 283 263 275 271 285 256 259 272.25
119.48 392 261 249 247 249 253 254 262 239 251.75
120.09 394 237 238 231 237 234 218 235 234 233.00
120.7 396 210 215 223 208 233 217 223 218 218.38
121.31 398 216 212 218 227 199 218 226 214 216.25
121.92 400 205 220 200 211 203 208 203 206 207.00
122.53 402 213 208 200 213 217 213 207 220 211.38
123.14 404 332 316 341 331 330 333 330 313 328.25
123.75 406 369 337 374 340 341 368 371 363 357.88
124.36 408 349 340 360 365 345 337 357 367 352.50
124.97 410 370 358 366 371 350 367 377 371 366.25
125.58 412 374 350 355 372 368 370 369 362 365.00
126.19 414 340 329 342 324 334 330 346 323 333.50
126.8 416 324 327 337 333 314 321 337 329 327.75
127.41 418 318 349 323 325 327 340 306 312 325.00
128.02 420 318 314 319 314 317 303 306 307 312.25
128.63 422 299 306 299 307 302 296 316 308 304.13
129.24 424 262 250 252 252 257 273 263 253 257.75
129.84 426 267 262 265 277 268 256 249 272 264.50
130.45 428 205 204 223 217 215 205 223 219 213.88
131.06 430 260 263 260 262 276 256 260 271 263.50
131.67 432 207 209 201 216 203 218 204 202 207.50
132.28 434 245 231 259 252 262 251 244 251 249.38
132.89 436 249 255 248 250 252 257 253 249 251.63
133.5 438 248 245 249 250 257 244 250 243 248.25
134.11 440 297 301 297 309 299 307 298 296 300.50
134.72 442 273 268 284 273 268 276 280 285 275.88
135.33 444 282 259 266 272 286 268 280 272 273.13
135.94 446 317 302 292 306 308 307 292 321 305.63
136.55 448 321 317 316 316 321 335 349 317 324.00
137.16 450 298 295 289 307 313 290 288 284 295.50
137.77 452 227 232 227 226 252 229 226 235 231.75
138.38 454 189 193 205 174 193 199 192 199 193.00
138.99 456 189 196 214 205 201 195 211 196 200.88
139.6 458 188 192 199 206 208 196 208 202 199.88
140.21 460 233 218 235 226 227 227 252 223 230.13
140.82 462 285 268 280 262 263 251 282 255 268.25
141.43 464 213 210 201 217 212 217 221 209 212.50
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142.04 466 304 309 318 312 323 319 307 313 313.13
142.65 468 314 321 333 318 341 315 335 334 326.38
143.26 470 333 325 342 315 323 314 322 317 323.88
143.87 472 325 329 327 318 318 310 307 305 317.38
144.48 474 311 330 334 325 303 317 320 321 320.13
145.08 476 280 305 307 286 317 285 298 282 295.00
145.69 478 314 306 319 300 293 321 308 304 308.13
146.3 480 337 320 344 334 332 327 348 322 333.00
146.91 482 342 333 327 337 324 332 363 330 336.00
147.52 484 296 316 320 306 322 306 331 309 313.25
148.13 486 300 294 289 299 298 290 286 278 291.75
148.74 488 329 326 327 306 311 313 312 322 318.25
149.35 490 277 280 271 282 279 273 274 279 276.88
149.96 492 279 271 288 283 298 294 285 292 286.25
150.57 494 306 300 305 317 313 320 317 313 311.38
151.18 496 302 300 279 273 293 270 296 304 289.63
151.79 498 318 304 322 316 319 309 307 322 314.63
152.4 500 294 296 296 302 281 299 283 280 291.38
153.01 502 288 302 299 302 287 275 291 299 292.88
153.62 504 296 291 306 294 298 302 306 293 298.25
154.23 506 274 292 275 267 275 277 270 297 278.38
154.84 508 312 293 309 307 316 302 301 322 307.75
155.45 510 283 301 275 284 283 299 302 279 288.25
156.06 512 299 309 306 305 303 297 311 288 302.25
156.67 514 308 315 298 330 288 312 292 329 309.00
157.28 516 302 312 328 315 323 331 324 295 316.25
157.89 518 263 280 279 263 291 283 262 296 277.13
158.5 520 252 266 258 248 277 267 263 277 263.50
159.11 522 178 204 198 189 204 169 203 189 191.75
159.72 524 187 185 207 200 193 194 189 189 193.00
160.32 526 254 270 279 269 281 260 276 267 269.50
160.93 528 188 187 195 199 196 188 199 196 193.50
161.54 530 216 202 205 212 204 194 213 209 206.88
162.15 532 184 181 182 194 182 189 176 181 183.63
162.76 534 233 236 232 231 252 239 229 230 235.25
163.37 536 259 285 262 286 261 274 276 269 271.50
163.98 538 290 289 276 296 291 279 288 295 288.00
164.59 540 214 216 207 216 205 210 213 194 209.38
165.2 542 198 211 188 199 198 209 215 211 203.63
165.81 544 196 208 207 193 192 206 193 192 198.38
166.42 546 195 215 206 212 191 202 192 204 202.13
167.03 548 204 210 220 197 206 199 217 204 207.13
167.64 550 199 185 189 199 206 196 190 171 191.88
168.25 552 197 187 199 194 186 175 179 191 188.50
168.86 554 180 186 185 182 177 187 183 180 182.50
169.47 556 167 157 164 156 153 164 163 159 160.38
170.08 558 210 201 207 206 215 209 204 217 208.63
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170.69 560 203 195 199 205 217 196 190 188 199.13
171.3 562 195 211 197 199 203 196 210 200 201.38
171.91 564 227 213 227 242 216 223 215 233 224.50
172.52 566 188 169 188 182 173 188 179 180 180.88
173.13 568 214 206 215 206 207 216 211 218 211.63
173.74 570 242 239 250 237 249 243 249 255 245.50
174.35 572 214 195 208 202 197 216 189 199 202.50
174.96 574 189 181 188 199 194 188 199 189 190.88
175.56 576 190 201 200 197 199 190 184 214 196.88
176.17 578 239 237 246 241 234 240 237 233 238.38
176.78 580 235 236 255 241 250 247 238 250 244.00
177.39 582 367 353 356 355 373 349 370 353 359.50
178 584 276 269 279 274 260 280 275 301 276.75
178.61 586 258 255 278 265 264 255 258 271 263.00
179.22 588 219 220 208 223 208 214 208 218 214.75
179.83 590 220 227 231 216 222 226 237 225 225.50
180.44 592 240 220 235 231 239 229 228 226 231.00
181.05 594 211 212 220 206 212 213 214 219 213.38
181.66 596 223 213 200 216 195 220 223 229 214.88
182.27 598 271 282 281 272 275 263 265 277 273.25
182.88 600 222 233 227 240 229 231 243 234 232.38
183.49 602 307 310 318 310 308 298 316 300 308.38
184.1 604 300 314 301 300 216 321 317 308 297.13
184.71 606 321 323 304 316 319 311 315 309 314.75
185.32 608 238 239 243 247 263 255 269 266 252.50
185.93 610 248 232 239 235 244 230 243 250 240.13
186.54 612 220 229 214 219 208 209 214 222 216.88
187.15 614 206 211 206 223 205 211 217 207 210.75
187.76 616 277 273 253 260 253 260 275 249 262.50
188.37 618 233 235 230 229 236 240 228 248 234.88
188.98 620 202 193 205 200 201 189 190 208 198.50
189.59 622 340 328 345 327 339 354 344 347 340.50
190.2 624 201 219 213 214 211 203 211 213 210.63
190.8 626 250 256 257 256 259 261 269 250 257.25
191.41 628 350 360 358 355 357 369 352 354 356.88
192.02 630 305 306 303 310 301 311 324 321 310.13
192.63 632 322 319 319 308 329 327 316 311 318.88
193.24 634 340 329 319 297 300 298 326 299 313.50
193.85 636 322 333 332 352 342 343 333 338 336.88
194.46 638 317 302 312 316 321 309 307 310 311.75
195.07 640 299 321 314 330 315 322 307 302 313.75
195.68 642 284 309 302 325 324 317 320 302 310.38
196.29 644 318 308 309 310 300 309 299 323 309.50
196.9 646 311 306 305 304 294 295 297 292 300.50
197.51 648 315 307 316 318 322 327 315 321 317.63
198.12 650 289 297 308 299 314 300 314 290 316.00
198.73 652 338 326 323 323 327 315 333 316 325.13
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199.34 654 289 297 308 299 314 300 290 314 301.38
199.95 656 326 323 327 315 333 316 338 323 317.00
200.56 658 306 295 280 306 304 303 299 298 317.00
201.17 660 305 315 304 309 307 326 305 322 311.63
201.78 662 214 221 205 219 214 210 218 210 213.88
202.39 664 226 237 223 236 235 234 231 222 318.00
203 666 224 224 244 215 225 218 226 232 318.00
203.61 668 218 222 217 224 238 224 212 224 222.38
204.22 670 219 210 195 202 217 193 216 204 207.00
204.83 672 168 176 164 156 165 169 155 167 319.00
205.44 674 167 174 196 178 173 179 174 169 319.00
206.04 676 267 282 273 278 277 267 283 224 319.00
206.65 678 274 267 276 266 263 280 263 273 270.25
207.26 680 234 241 245 239 238 237 231 243 238.50
207.87 682 187 195 204 200 189 207 200 196 319.00
208.48 684 178 170 183 174 189 190 177 169 319.00
209.09 686 190 195 187 199 183 194 197 187 320.00
209.7 688 211 212 220 196 206 217 202 208 209.00
210.31 690 212 275 223 218 220 230 229 220 228.38
210.92 692 214 209 219 212 217 202 215 210 319.00
211.53 694 202 199 211 202 200 194 201 200 319.00
212.14 696 203 187 207 201 190 185 197 202 321.00
212.75 698 200 210 198 206 207 204 212 213 206.25
213.36 700 216 212 218 221 209 219 224 216 216.88
213.97 702 203 218 291 202 208 296 225 189 319.00
214.58 704 215 209 197 199 204 195 195 189 319.00
215.19 706 194 199 197 195 194 190 219 201 322.00
215.8 708 277 269 277 274 275 268 293 276 276.13
216.41 710 246 243 265 247 244 249 254 255 250.38
217.02 712 310 301 300 292 293 278 292 261 319.00
217.63 714 256 270 264 255 260 264 267 255 261.38
218.24 716 202 202 209 202 205 206 225 192 205.38
218.85 718 191 202 191 182 192 198 190 196 320.00
219.46 720 188 189 199 195 181 184 197 193 190.75
220.07 722 196 187 183 179 192 178 191 197 187.88
220.68 724 196 211 217 203 207 206 197 212 206.13
221.28 726 176 186 180 174 178 178 194 190 182.00
221.89 728 176 188 193 178 173 181 196 189 184.25
222.5 730 222 226 245 253 219 216 234 217 229.00
223.11 732 182 186 187 185 178 180 182 173 181.63
223.72 734 224 218 236 247 236 231 240 226 232.25
224.33 736 172 170 165 170 174 167 161 170 168.63
224.94 738 165 165 179 172 172 175 176 165 171.13
225.55 740 182 190 187 186 191 190 177 193 187.00
226.16 742 219 226 228 209 222 215 213 215 218.38
226.77 744 201 206 200 204 197 210 187 200 200.63
227.38 746 215 214 211 223 212 208 216 213 214.00
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227.99 748 268 277 274 279 275 277 275 280 275.63
228.6 750 281 274 271 277 273 265 279 278 274.75
229.21 752 229 234 220 230 220 224 244 220 227.63
229.82 754 222 227 199 275 213 211 209 223 222.38
230.43 756 292 289 276 288 301 271 292 272 285.13
231.04 758 293 311 306 297 307 310 294 305 302.88
231.65 760 286 266 278 290 275 283 281 267 278.25
232.26 762 272 278 270 264 270 263 263 264 268.00
232.87 764 262 263 258 260 264 241 239 267 256.75
233.48 766 251 243 240 256 267 246 252 252 250.88
234.09 768 253 245 254 236 248 261 239 260 249.50
234.7 770 187 192 180 185 187 182 196 174 185.38
235.31 772 205 217 203 210 213 202 204 202 207.00
235.92 774 191 207 189 198 193 211 185 201 196.88
236.52 776 190 221 191 207 188 181 207 192 197.13
237.13 778 250 252 264 259 257 268 268 265 260.38
237.74 780 253 255 265 257 244 251 260 267 256.50
238.35 782 291 284 295 282 281 297 280 299 288.63
238.96 784 283 272 266 280 269 274 261 283 273.50
239.57 786 266 269 279 262 272 291 273 278 273.75
240.18 788 203 204 212 213 213 221 203 216 210.63
240.79 790 257 254 249 256 254 247 259 238 251.75
241.4 792 240 233 225 235 225 232 227 233 231.25
242.01 794 195 211 206 199 201 186 206 207 201.38
242.62 796 234 245 239 250 231 259 256 240 244.25
243.23 798 274 288 287 281 281 269 272 277 278.63
243.84 800 213 215 207 226 226 222 225 230 220.50
244.45 802 232 236 213 211 239 242 225 219 227.13
245.06 804 259 247 246 247 253 242 242 246 247.75
245.67 806 251 263 253 243 262 244 243 256 251.88
246.28 808 277 279 291 296 285 267 296 273 283.00
246.89 810 250 233 247 259 237 237 239 255 244.63
247.5 812 289 265 283 278 281 261 277 278 276.50
248.11 814 301 317 306 317 305 293 302 307 306.00
248.72 816 318 327 313 328 327 313 336 321 322.88
249.33 818 293 292 274 276 287 292 287 292 286.63
249.94 820 234 255 231 246 239 234 248 241 241.00
250.55 822 246 258 229 228 255 227 235 227 238.13
251.16 824 231 226 227 238 240 243 253 242 237.50
251.76 826 308 326 320 324 317 319 316 317 318.38
252.37 828 196 205 199 217 205 183 204 207 202.00
252.98 830 212 209 203 218 206 215 211 213 210.88
253.59 832 220 197 204 212 198 199 213 204 205.88
254.2 834 160 164 168 157 178 158 162 180 165.88
254.81 836 178 170 166 173 166 184 178 184 174.88
255.42 838 175 184 172 188 156 172 174 157 172.25
256.03 840 188 198 175 173 185 195 192 198 188.00
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256.64 842 270 250 259 272 247 248 258 257 257.63
257.25 844 257 254 269 267 278 255 275 266 265.13
257.86 846 255 290 261 265 266 255 273 270 266.88
258.47 848 287 289 314 283 288 271 284 281 287.13
259.08 850 292 288 284 292 282 285 289 280 286.50
259.69 852 297 303 305 310 313 305 282 306 302.63
260.3 854 316 307 305 295 296 300 285 297 300.13
260.91 856 291 319 326 323 330 308 341 316 319.25
261.52 858 301 287 308 298 292 306 308 282 297.75
262.13 860 294 292 289 274 302 301 291 285 291.00
262.74 862 211 216 194 213 221 199 215 211 210.00
263.35 864 212 222 200 203 208 205 203 212 208.13
263.96 866 210 215 205 201 194 188 208 187 201.00
264.57 868 228 242 251 242 236 221 229 238 235.88
265.18 870 233 219 235 257 242 236 240 226 236.00
265.79 872 163 163 155 168 168 157 164 154 161.50
266.4 874 148 152 159 150 161 143 146 151 151.25
267 876 162 161 152 158 155 171 158 153 158.75
267.61 878 192 192 182 183 198 188 175 196 188.25
268.22 880 175 158 158 165 164 156 168 173 164.63
268.83 882 168 175 181 182 176 173 175 185 176.88
269.44 884 164 164 165 165 161 168 171 156 164.25
270.05 886 161 173 161 158 177 169 164 168 166.38
270.66 888 159 169 162 164 155 160 166 156 161.38
271.27 890 241 233 231 241 242 228 228 239 235.38
271.88 892 193 221 193 226 198 217 213 215 209.50
272.49 894 235 230 231 230 222 233 239 236 232.00
273.1 896 199 190 192 195 184 181 190 190 190.13
273.71 898 215 216 209 208 212 216 219 219 214.25
274.32 900 233 222 238 235 227 237 233 237 232.75
274.93 902 270 278 254 280 263 270 283 265 270.38
275.54 904 276 282 273 266 255 261 278 263 269.25
276.15 906 302 311 298 326 310 314 312 301 309.25
276.76 908 210 203 205 195 200 194 189 186 197.75
277.37 910 264 244 247 264 249 254 265 244 253.88
277.98 912 214 213 217 203 197 210 203 206 207.88
278.59 914 160 169 158 158 151 148 169 160 159.13
279.2 916 181 192 190 192 191 172 182 196 187.00
279.81 918 167 160 155 160 160 157 148 149 157.00
280.42 920 155 152 150 161 171 158 165 157 158.63
281.03 922 167 152 168 162 155 163 173 163 162.88
281.64 924 159 177 182 172 168 164 162 164 168.50
282.24 926 155 163 162 156 157 157 148 156 152.00
282.85 928 199 190 204 203 211 206 197 215 203.13
283.46 930 184 174 176 179 190 178 183 178 153.00
284.07 932 167 152 153 153 154 165 167 151 157.75
284.68 934 157 162 156 147 157 154 138 157 154.00
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285.29 936 140 153 143 154 146 135 146 144 145.13
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Perryville 1 Scintilometer Measurements          
Meters Feet 1 2 3 4 5 6 7 8 Average 
0 0 173 182 183 181 175 197 188 172 181.375
0.6096 2 170 170 177 169 162 165 184 166 170.375
1.2192 4 252 241 251 257 253 237 246 262 249.875
1.8288 6 181 176 189 175 175 181 180 186 180.375
2.4384 8 171 172 176 175 170 169 174 173 172.5
3.048 10 190 176 186 177 182 175 183 170 179.875
3.6576 12 273 255 272 272 287 272 267 266 270.5
4.2672 14 238 235 236 241 251 250 239 233 240.375
4.8768 16 270 281 285 282 269 269 292 278 278.25
5.4864 18 272 283 274 282 276 269 284 275 276.875
6.096 20 256 264 258 248 245 264 265 257 257.125
6.7056 22 305 296 294 297 300 284 305 287 296
7.3152 24 258 273 253 268 261 258 247 263 260.125
7.9248 26 203 213 213 209 217 210 216 225 213.25
8.5344 28 227 270 285 268 289 275 276 283 271.625
9.144 30 289 304 286 305 312 296 294 289 296.875
9.7536 32 169 171 158 159 174 175 168 174 168.5
10.363 34 180 196 179 182 182 195 176 195 185.625
10.973 36 267 276 256 282 271 257 270 260 267.375
11.582 38 209 212 205 209 202 201 212 197 205.875
12.192 40 197 211 193 198 196 193 204 199 198.875
12.802 42 219 228 229 223 217 229 214 211 221.25
13.411 44 250 246 247 254 249 250 248 244 248.5
14.021 46 251 268 261 272 265 282 263 260 265.25
14.63 48 192 194 187 194 194 183 196 183 190.375
15.24 50 184 185 189 191 202 190 184 206 191.375
15.85 52 185 178 185 176 177 189 178 180 181
16.459 54 180 178 177 184 178 183 173 177 178.75
17.069 56 216 220 215 215 202 210 206 219 212.875
17.678 58 245 238 232 239 231 240 224 249 237.25
18.288 60 254 244 250 259 269 254 256 251 254.625
18.898 62 190 183 181 178 187 189 178 176 182.75
19.507 64 190 183 181 178 187 189 178 176 182.75
20.117 66 188 190 198 189 186 190 185 186 189
20.726 68 171 172 173 181 174 185 168 187 176.375
21.336 70 172 176 171 182 186 196 168 186 179.625
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Perryville 2 Scintilometer Measurements          
Meters Feet 1 2 3 4 5 6 7 8 Average 
0 0 173 182 183 181 175 197 188 172 181.375
0.6096 2 170 170 177 169 162 165 184 166 170.375
1.2192 4 252 241 251 257 253 237 246 262 249.875
1.8288 6 181 176 189 175 175 181 180 186 180.375
2.4384 8 171 172 176 175 170 169 174 173 172.5
3.048 10 190 176 186 177 182 175 183 170 179.875
3.6576 12 273 255 272 272 287 272 267 266 270.5
4.2672 14 238 235 236 241 251 250 239 233 240.375
4.8768 16 270 281 285 282 269 269 292 278 278.25
5.4864 18 272 283 274 282 276 269 284 275 276.875
6.096 20 256 264 258 248 245 264 265 257 257.125
6.7056 22 305 296 294 297 300 284 305 287 296
7.3152 24 258 273 253 268 261 258 247 263 260.125
7.9248 26 203 213 213 209 217 210 216 225 213.25
8.5344 28 227 270 285 268 289 275 276 283 271.625
9.144 30 289 304 286 305 312 296 294 289 296.875
9.7536 32 169 171 158 159 174 175 168 174 168.5
10.363 34 180 196 179 182 182 195 176 195 185.625
10.973 36 267 276 256 282 271 257 270 260 267.375
11.582 38 209 212 205 209 202 201 212 197 205.875
12.192 40 197 211 193 198 196 193 204 199 198.875
12.802 42 219 228 229 223 217 229 214 211 221.25
13.411 44 250 246 247 254 249 250 248 244 248.5
14.021 46 251 268 261 272 265 282 263 260 265.25
14.63 48 192 194 187 194 194 183 196 183 190.375
15.24 50 184 185 189 191 202 190 184 206 191.375
15.85 52 185 178 185 176 177 189 178 180 181
16.459 54 180 178 177 184 178 183 173 177 178.75
17.069 56 216 220 215 215 202 210 206 219 212.875
17.678 58 245 238 232 239 231 240 224 249 237.25
18.288 60 254 244 250 259 269 254 256 251 254.625
18.898 62 190 183 181 178 187 189 178 176 182.75
19.507 64 190 183 181 178 187 189 178 176 182.75
20.117 66 188 190 198 189 186 190 185 186 189
20.726 68 171 172 173 181 174 185 168 187 176.375
21.336 70 172 176 171 182 186 196 168 186 179.625
21.946 72 171 167 166 171 164 159 162 160 165
22.555 74 166 163 175 168 177 170 164 167 168.75
23.165 76 166 166 166 159 162 161 167 157 163
23.774 78 160 159 147 158 148 160 158 155 155.625
24.384 80 153 150 164 158 156 162 170 149 157.75
24.994 82 151 145 150 151 142 152 148 159 149.75
25.603 84 140 157 155 148 134 137 142 150 145.375
26.213 86 139 135 160 147 143 131 144 140 142.375
26.822 88 137 139 136 161 139 139 144 144 142.375
27.432 90 138 143 144 142 142 133 136 135 139.125
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28.042 92 138 143 144 142 142 133 136 135 139.125
28.651 94 138 143 144 142 142 133 136 135 139.125
29.261 96 154 150 144 146 148 146 153 155 149.5
29.87 98 153 165 165 157 164 159 165 161 161.125
30.48 100 192 199 199 192 175 189 191 192 191.125
31.09 102 218 224 206 206 216 199 207 219 211.875
31.699 104 291 294 275 299 272 300 287 270 286
32.309 106 226 235 236 232 235 244 221 224 231.625
32.918 108 190 191 191 185 166 182 184 191 185
33.528 110 219 208 233 216 219 224 236 220 221.875
34.138 112 253 251 250 271 249 271 246 259 256.25
34.747 114 195 199 185 194 195 195 195 189 193.375
35.357 116 180 191 183 184 203 183 177 185 185.75
35.966 118 183 196 179 184 185 177 192 175 183.875
36.576 120 167 182 184 184 183 176 181 163 177.5
37.186 122 168 172 181 177 173 186 169 170 174.5
37.795 124 158 160 168 157 155 162 158 165 160.375
38.405 126 158 157 163 154 159 169 165 165 161.25
39.014 128 233 240 245 225 236 237 237 221 234.25
39.624 130 227 224 239 238 227 241 220 238 231.75
40.234 132 168 165 170 164 155 164 161 170 164.625
40.843 134 168 166 164 157 165 165 169 163 164.625
41.453 136 171 168 171 152 152 149 161 159 160.375
42.062 138 170 156 160 169 164 165 164 163 163.875
42.672 140 215 232 232 224 222 218 221 222 223.25
43.282 142 215 225 219 223 212 221 230 202 218.375
43.891 144 175 188 176 170 178 174 195 182 179.75
44.501 146 195 204 191 195 187 202 186 181 192.625
45.11 148 183 167 171 176 161 174 176 169 172.125
45.72 150 160 155 160 157 161 162 159 165 159.875
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Perryville 3 Scintilometer Measurements           
Meters Feet 1 2 3 4 5 6 7 8 Average 
0 0 202 207 201 198 201 202 214 208 204.125
0.6096 2 192 182 184 208 215 193 189 186 193.625
1.2192 4 179 167 164 189 184 177 182 168 176.25
1.8288 6 177 189 187 188 176 184 176 175 181.5
2.4384 8 184 174 185 182 185 184 178 174 180.75
3.048 10 198 198 200 189 198 205 198 201 198.375
3.6576 12 230 217 228 222 213 216 215 206 218.375
4.2672 14 235 213 234 219 221 224 236 233 226.875
4.8768 16 218 224 213 238 222 218 225 229 223.375
5.4864 18 218 221 205 211 219 208 206 210 212.25
6.096 20 245 243 226 239 235 245 242 253 241
6.7056 22 247 251 230 225 240 229 237 245 238
7.3152 24 260 247 252 263 262 267 261 243 256.875
7.9248 26 267 258 276 280 273 263 273 262 269
8.5344 28 237 239 244 240 224 223 241 233 235.125
9.144 30 206 212 215 207 208 205 204 190 205.875
9.7536 32 215 217 211 199 204 198 205 195 205.5
10.058 33 233 205 196 208 204 186 203 202 204.625
10.973 36 198 196 205 197 212 203 197 200 201
11.582 38 192 193 200 172 178 186 191 185 187.125
12.192 40 180 175 185 187 192 180 181 184 183
12.802 42 287 261 285 286 265 270 276 301 278.875
13.411 44 257 272 267 279 285 275 279 288 275.25
14.021 46 230 229 228 228 235 228 226 232 229.5
14.63 48 174 176 172 176 175 185 173 188 177.375
15.24 50 178 172 172 175 185 181 193 179 179.375
15.85 52 244 234 245 240 241 246 247 239 242
16.459 54 277 261 273 268 255 253 255 278 265
17.069 56 280 273 271 288 276 268 261 273 273.75
17.678 58 189 188 193 199 211 178 205 202 195.625
18.288 60 174 166 162 163 159 162 166 169 165.125
18.898 62 178 183 180 187 189 188 166 178 181.125
19.507 64 203 196 205 216 192 204 214 190 202.5
20.117 66 203 196 205 216 192 204 214 190 202.5
20.726 68 203 196 205 216 192 204 214 190 202.5
21.336 70 247 253 234 245 235 247 226 248 241.875
21.946 72 234 246 243 251 242 268 240 242 245.75
22.555 74 196 211 217 213 188 214 215 207 207.625
23.165 76 195 194 182 181 182 165 171 201 183.875
23.774 78 173 173 149 171 165 144 151 148 159.25
24.384 80 164 168 175 166 156 167 143 177 164.5
24.994 82 208 200 186 215 204 217 219 199 206
25.603 84 189 194 191 190 194 195 194 183 191.25
26.213 86 224 224 215 220 240 229 215 215 222.75
26.822 88 214 231 202 221 221 213 218 195 214.375
27.432 90 256 277 285 256 261 267 263 265 266.25
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28.042 92 263 257 278 264 261 280 283 289 271.875
28.651 94 279 293 278 299 276 288 300 282 286.875
29.261 96 279 290 293 284 280 303 284 287 287.5
29.87 98 278 272 274 295 292 276 269 288 280.5
30.48 100 179 178 162 200 190 188 184 200 185.125
31.09 102 191 198 190 192 194 195 198 195 194.125
31.699 104 191 212 191 197 178 210 185 191 194.375
32.309 106 161 159 162 159 168 171 167 171 164.75
32.918 108 161 170 155 158 157 171 166 169 163.375
33.528 110 199 161 167 174 162 155 162 150 166.25
34.138 112 157 177 167 174 183 170 190 157 171.875
34.747 114 180 188 194 155 195 186 187 201 185.75
35.357 116 198 187 195 204 192 197 204 197 196.75
35.966 118 216 212 213 192 208 215 203 197 207
36.576 120 190 183 197 201 196 206 195 187 194.375
37.186 122 201 206 175 196 183 181 188 193 190.375
37.795 124 247 243 246 240 251 237 247 249 245
38.405 126 153 167 149 151 164 157 149 159 156.125
39.014 128 166 168 165 151 152 166 158 162 161
39.624 130 163 165 153 168 165 164 175 159 164
40.234 132 167 160 156 175 164 155 166 157 162.5
40.843 134 177 180 174 199 183 179 197 188 184.625
41.453 136 172 182 174 168 160 166 164 162 168.5
42.062 138 158 148 136 140 138 151 136 149 144.5
45.11 148 139 138 134 137 139 148 136 133 138
45.72 150 148 146 136 153 160 142 148 144 147.125
46.33 152 158 149 169 147 153 147 145 149 152.125
46.939 154 143 141 142 147 150 146 159 163 148.875
47.549 156 148 150 140 147 148 153 146 140 146.5
48.158 158 137 124 129 134 133 121 132 134 130.5
48.768 160 130 142 143 131 140 144 153 156 142.375
49.378 162 128 134 141 142 138 139 139 149 138.75
49.987 164 149 148 154 150 153 148 145 153 150
50.597 166 141 140 129 125 129 124 128 140 132
51.206 168 181 183 181 187 194 198 181 195 187.5
51.816 170 102 111 108 111 105 109 106 107 107.375
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Perryville 4 Scintilometer Measurements          
Meters Feet 1 2 3 4 5 6 7 8 Average 
0 0 156 142 150 149 151 163 150 139 150
0.6096 2 156 142 150 149 151 163 150 139 150
1.2192 4 146 147 150 152 159 154 148 150 150.75
1.8288 6 139 134 136 149 141 142 150 134 140.625
2.4384 8 156 157 144 160 157 134 149 151 151
3.048 10 135 148 152 138 154 151 146 148 146.5
3.6576 12 146 163 148 133 144 145 147 152 147.25
4.2672 14 141 146 150 141 150 155 168 139 148.75
4.8768 16 195 206 202 205 179 197 209 187 197.5
5.4864 18 166 173 163 166 169 166 167 173 167.875
6.096 20 162 158 152 150 160 153 157 156 156
6.7056 22 165 164 149 169 166 143 169 169 161.75
7.3152 24 257 268 261 267 274 268 273 263 266.375
7.9248 26 134 138 133 123 141 136 128 134 133.375
8.5344 28 158 147 157 155 146 155 159 163 155
9.144 30 152 146 155 147 152 169 159 159 154.875
9.7536 32 154 155 162 167 156 161 164 163 160.25
10.363 34 137 144 148 138 148 143 148 139 143.125
10.973 36 144 140 148 139 154 144 139 149 144.625
11.582 38 140 151 131 139 135 130 148 146 140
12.192 40 142 132 139 133 142 134 133 149 138
12.802 42 128 147 129 136 130 149 134 132 135.625
13.411 44 218 238 223 229 228 220 238 226 227.5
14.021 46 174 177 163 177 169 167 157 165 168.625
14.63 48 252 241 246 256 256 263 253 270 254.625
15.24 50 162 155 145 152 153 157 161 153 154.75
15.85 52 153 171 170 162 159 167 156 151 161.125
16.459 54 160 147 157 150 156 145 152 161 153.5
17.069 56 143 155 150 163 149 144 158 151 151.625
17.678 58 146 147 154 149 157 155 163 159 153.75
18.288 60 151 147 150 146 139 158 165 149 150.625
18.898 62 157 159 145 157 150 146 149 157 152.5
19.507 64 162 154 124 167 138 153 147 155 150
20.117 66 134 153 146 150 140 148 151 143 145.625
20.726 68 151 164 162 167 164 152 160 164 160.5
21.336 70 162 184 166 166 177 198 178 185 177
21.946 72 164 159 148 143 153 157 152 146 152.75
22.555 74 140 139 146 132 140 130 142 144 139.125
23.165 76 155 160 151 155 152 149 160 161 155.375
23.774 78 238 234 240 233 236 246 229 252 238.5
24.384 80 229 230 225 248 241 238 219 240 233.75
24.994 82 246 254 247 258 251 258 254 271 254.875
25.603 84 150 163 150 156 144 145 142 160 151.25
26.213 86 163 159 161 159 163 167 146 166 160.5
26.822 88 156 151 164 151 155 163 164 175 159.875
27.432 90 179 178 170 184 190 184 174 173 179
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28.042 92 169 171 167 164 178 164 149 168 166.25
28.651 94 206 211 207 192 191 194 193 204 199.75
29.261 96 193 178 196 173 180 186 180 192 184.75
29.87 98 305 314 320 299 303 302 317 326 310.75
30.48 100 164 185 179 181 173 191 179 181 179.125
31.09 102 161 160 173 162 168 158 162 166 163.75
31.699 104 162 180 190 159 174 164 168 160 169.625
32.309 106 160 166 146 149 150 151 155 157 154.25
32.918 108 150 155 168 158 161 163 154 153 157.75
33.528 110 189 178 194 189 196 177 169 177 183.625
34.138 112 206 221 210 221 206 216 221 212 214.125
34.747 114 166 158 170 163 153 170 160 161 162.625
35.357 116 224 222 239 229 216 225 226 221 225.25
35.966 118 261 257 256 263 256 260 246 260 257.375
36.576 120 202 235 219 234 233 217 223 217 222.5
37.186 122 222 191 221 207 224 213 215 202 211.875
37.795 124 181 161 180 179 191 170 183 167 176.5
38.405 126 214 224 218 221 225 213 224 214 219.125
39.014 128 155 154 146 157 156 151 160 145 153
39.624 130 149 134 143 135 146 152 130 144 141.625
40.234 132 210 215 213 207 207 213 206 209 210
40.843 134 262 266 247 243 269 267 258 247 257.375
41.453 136 148 152 147 154 155 145 144 155 150
42.062 138 153 143 146 145 147 145 147 140 145.75
42.672 140 153 143 146 145 147 145 147 140 145.75
43.282 142 126 145 126 132 122 140 140 139 133.75
43.891 144 175 183 171 167 186 175 187 174 177.25
44.501 146 162 168 154 160 147 162 168 151 159
45.11 148 162 146 139 146 154 142 146 163 149.75
45.72 150 138 143 136 138 152 153 148 135 142.875
46.33 152 148 149 145 135 150 141 160 137 145.625
46.939 154 148 140 146 147 160 139 157 150 148.375
47.549 156 190 180 181 174 181 170 186 179 180.125
48.158 158 231 230 238 236 242 222 229 236 233
48.768 160 182 173 180 167 184 181 191 172 178.75
49.378 162 270 264 270 262 271 267 277 251 266.5
49.987 164 186 184 190 193 195 184 201 186 189.875
50.597 166 178 166 167 171 159 166 179 169 169.375
51.206 168 145 150 142 148 156 142 151 136 146.25
51.816 170 164 159 162 161 158 161 168 164 162.125
52.426 172 214 228 229 215 231 227 232 230 225.75
53.035 174 287 299 286 291 303 304 306 308 298
53.645 176 235 261 253 236 252 253 250 245 248.125
54.254 178 188 194 192 165 185 189 174 182 183.625
54.864 180 200 212 201 200 201 208 207 221 206.25
55.474 182 295 298 313 295 299 300 306 317 302.875
56.083 184 230 222 221 213 214 221 212 213 218.25
56.693 186 264 260 264 261 259 260 261 262 261.375
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57.302 188 247 244 249 246 260 242 255 277 252.5
57.912 190 232 242 234 250 236 238 235 248 239.375
58.522 192 196 190 181 187 191 183 198 191 189.625
59.131 194 188 171 185 186 179 186 173 169 179.625
59.741 196 217 223 197 218 210 198 215 208 210.75
60.35 198 228 226 233 219 231 225 215 223 225
60.96 200 219 220 227 232 230 239 224 232 227.875
61.57 202 157 172 178 182 172 181 154 178 171.75
62.179 204 170 175 167 171 154 167 169 161 166.75
62.789 206 236 245 226 256 239 232 261 240 241.875
63.398 208 189 185 182 189 185 181 183 171 183.125
64.008 210 161 178 176 190 179 182 170 188 178
64.618 212 180 189 194 201 194 187 191 189 190.625
65.227 214 194 206 199 191 204 180 195 201 196.25
65.837 216 189 182 188 161 184 185 188 177 181.75
66.446 218 166 170 158 159 152 161 168 169 162.875
67.056 220 232 237 242 237 227 223 245 231 234.25
67.666 222 147 145 165 173 147 162 168 147 156.75
68.275 224 158 151 160 149 147 144 146 152 150.875
68.885 226 152 151 154 150 134 153 141 156 148.875
69.494 228 151 149 160 153 161 153 147 163 154.625
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Chula Scintilometer Measurements            
Meters Feet 1 2 3 4 5 6 7 8 Average 
0 0 169 156 171 160 170 166 155 169 164.5
0.6096 2 193 194 195 183 195 184 180 187 188.875
1.2192 4 273 286 286 296 279 287 284 272 282.875
1.8288 6 208 218 201 195 209 203 208 220 207.75
2.4384 8 299 280 302 299 291 282 302 294 293.625
3.048 10 278 257 267 277 271 263 270 257 267.5
3.6576 12 230 236 230 223 226 230 223 251 231.125
4.2672 14 197 209 208 216 199 194 207 217 205.875
4.8768 16 211 226 210 214 228 219 222 201 216.375
5.4864 18 240 231 228 225 213 229 220 234 227.5
6.096 20 274 269 261 267 288 268 281 279 273.375
6.7056 22 273 267 271 283 285 290 298 287 281.75
7.3152 24 249 263 271 268 259 260 268 272 263.75
7.9248 26 280 278 297 291 280 285 283 296 286.25
8.5344 28 273 284 291 281 285 283 268 275 280
9.144 30 210 197 213 223 213 226 206 219 213.375
9.7536 32 223 202 213 219 196 206 214 215 211
10.363 34 257 276 246 257 277 276 256 267 264
10.973 36 232 235 238 244 245 229 255 244 240.25
11.582 38 246 235 250 236 254 249 246 244 245
12.192 40 271 290 276 272 266 255 253 283 270.75
12.802 42 200 221 218 201 219 207 203 207 209.5
13.411 44 170 167 154 157 145 160 174 173 162.5
14.021 46 155 163 173 178 175 162 173 167 168.25
14.63 48 199 206 205 220 204 190 208 200 204
15.24 50 292 279 273 278 267 281 283 257 276.25
15.85 52 247 236 241 238 240 252 247 253 244.25
16.459 54 174 172 170 165 169 172 178 173 171.625
17.069 56 144 156 158 151 148 151 153 141 150.25
17.678 58 212 211 221 213 190 201 193 210 206.375
18.288 60 239 236 240 247 243 233 254 244 242
18.898 62 259 250 259 258 245 250 235 234 248.75
19.507 64 259 250 259 258 245 250 235 234 248.75
20.117 66 197 180 181 191 196 180 180 185 186.25
20.726 68 253 250 262 245 261 249 247 250 252.125
21.336 70 202 205 196 196 196 202 195 204 199.5
21.946 72 293 298 290 285 301 296 271 294 291
22.555 74                 N/A
23.165 76                 N/A
23.774 78                 N/A
24.384 80                 N/A
24.994 82                 N/A
25.603 84                 N/A
26.213 86                 N/A
26.822 88                 N/A
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27.432 90 184 179 161 174 169 175 169 153 170.5
28.042 92 212 219 212 219 205 214 224 214 214.875
28.651 94 250 245 242 244 252 240 247 248 246
29.261 96 221 211 234 222 211 234 207 203 217.875
29.87 98 220 216 220 238 224 223 214 231 223.25
30.48 100 210 197 215 212 226 214 216 202 211.5
31.09 102 214 214 213 220 230 228 219 232 221.25
31.699 104 199 200 105 206 204 201 198 188 187.625
32.309 106 200 208 215 195 199 198 206 207 203.5
32.918 108 200 208 215 195 199 198 206 207 203.5
33.528 110 231 237 225 253 239 247 234 249 239.375
34.138 112 165 180 158 175 166 174 168 178 170.5
34.747 114 230 228 238 240 250 251 260 248 243.125
35.357 116 205 203 201 189 206 195 197 204 200
35.966 118 190 200 201 194 201 194 190 196 195.75
36.576 120 190 200 201 194 201 194 190 196 195.75
37.186 122 197 205 207 196 182 187 196 195 195.625
37.795 124 165 178 180 172 177 176 181 199 178.5
38.405 126 152 156 155 159 163 147 162 150 155.5
39.014 128 191 182 189 197 185 183 193 179 187.375
39.624 130 306 312 298 316 317 308 290 312 307.375
40.234 132 319 316 318 320 340 318 312 310 319.125
40.843 134 169 164 167 163 152 164 173 167 164.875
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